NUREG/CR-5490
PNL-7190
Vol. 1

Regulatory Instrument Review:
Management of Aging of LWR
Major Safety-Related Components

Prepared by E. V. Werry

Pacific Northwest Laboratory
Operated by
Battelle Memorial Institute

Prepared for
U.S. Nuclear Regulatory Commission



AVAILABILITY NOTICE
Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be avallable from one of the following sources:

1. The NRC Public Document Room, 2120 L Street, NW, Lower Level, Washington, DC 20555

2. The Superintendent of Documents, U.S. Government Printing Office, P.O, Box 37082, Washington,
DC 20013-7082

3. The Natlonal Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications, it Is not
intended to be exhaustive.

Referenced documents avallable for Inspection and copying for a fee from the NRC Publlc Document Room
Include NRC correspondence and Intemal NRC memoranda; NRC Office of inspection and Enforcement
bulletins, circulars, Information notices, inspection and Investigation notices; Licensee Event Reports; ven-

dor reports and correspondence; Commission papers; and applicant and licensee documents and corre-
spondence.

The following documents In the NUREG serles are avallable for purchase from the GPO Sales Program:
formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and NRC booklets and

brochures. Also avallable are Regulatory Guides, NRC regulations In the Code of Federal Regulations, and
Nuclear Regutatory Commission Issuances.

Documents avallable from the National Technical Information Service Include NUREG serles reports and
technical reports prepared by other federal agencles and reports prepared by the Atomic Energy Commis-
slon, forerunner agency to the Nuclear Regulatory Commission.

Documents avallable from public and speclal technical librarles include all open Uterature ltems, such as
books, journal and perledical articles, and transactions. Federal Register notices, federal and state legisla-
tion, and congressional reports can usuafty be obtained from these fibrarles.

Documents such: as theses, dissertations, forelgn reports and translations, and non-NRC conference pro-
ceedings are avallable for purchase from the organization sponsoring the pubtication cited.

Single coples of NRC draft reports are avallable free, to the extent of supply, upon written request to the

Office of Information Resources Management, Distribution Section, U.S. Nuclear Regulatory Commission,
Washington, DC 20555.

Coples of Industry codes and standards used in a substantive manner In the NRC regulatory process are
malntalned at the NRC Uibrary, 7920 Norfolk Avenue, Bethesda, Maryland, and are avallable there for refer-
ence use by the public. Codes and standards are usually copyrighted and may be purchased from the
originating organization or, if they are American National Standards, from the American National Standards
Institute, 1430 Broadway, New York, NY 10018,

DISCLAIMER NOTICE

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, or any of their employees, makes any warranty,
expresed or implied, or assumes any legal liability of responsibility for any third party's use, or the resutts of
such use, of any information, apparatus, product or process disclosed in this report, or represents that its use
by such third party would not infringe privately owned rights.




NUREG/CR-5490
PNL-7190

Vol. 1

R9, RV

Regulatory Instrument Review:
Management of Aging of LWR
Major Safety-Related Components

Manuscript Completed: May 1950
Date Published: October 1990

Prepared by
E. V. Werry

Pacific Northwest Laboratory
Richland, WA 99352

Prepared for

Division of Engineering

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555

NRC FIN B2865



ABSTRACT

This report comprises Volume 1 of a review of U.S. nuclear plant regula-
tory instruments to determine the amount and kind of information they contain
on managing the aging of safety-related components in U.S. nuclear power
plants. The review was conducted for the U.S. Nuclear Regulatory Commission
(NRC) by the Pacific Northwest Laboratory (PNL) under the NRC Nuclear Plant
Aging Research (NPAR) Program. Eight selected regulatory instruments, e.q.,
NRC Regulatory Guides and the Code of Federal Regulations, were reviewed for
safety-related information on five selected components: reactor pressure
vessels, steam generators, primary piping, pressurizers, and emergency diesel
generators. Volume 2 will be concluded in FY 1991 and will also cover
selected major safety-related components, e.g., pumps, valves and cables.

The focus of the review was on 26 NPAR-defined safety-related aging issues,
jncluding examination, inspection, and maintenance and repair; excessive/
harsh testing; and irradiation embrittlement. The major conclusion of the
review is that safety-related regulatory instruments do provide implicit
guidance for aging management, but include 1ittle explicit guidance. The
major recommendation is that the instruments be revised or augmented to
explicitly address the management of aging.
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PREFACE

This report was developed to provide a preliminary assessment regarding
the extent of those regulatory instruments that contain information pertinent
to managing aging. Assessments of the applicable regulatory instruments
regarding aging management is complex and subject to differences in interpre-
tation. Therefore, the perspectives in this report should be considered
preliminary. These perspectives are not established needs or views and do
not reflect regulatory positions or requirements.
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SUMMARY

This report comprises Volume 1 of a review of U.S. nuclear plant regula-
tory instruments to determine the extent that they contain information per-
tinent to managing aging of safety-related components in nuclear power
plants. The instrument review was conducted for the U.S. Nuclear Regulatory
Commission (NRC) under the NRC Nuclear Plant Aging Research (NPAR) program.

As used in this report, an "instrument" is a procedure or document as in
an instrument of government, e.g., the Code of Federal Regulations. The
terms regulatory instruments or instruments are used throughout this report
and in this context are not to be confused with an instrument of measurement,
e.g., a pressure gauge or flow meter. Eight regulatory instruments were
selected for the review:

e Code of Federal Regulations (CFR)
e Technical Specifications (TS)

o Standard Review Plan (SRP)

¢ NRC Regulatory Guides (RG)

e American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel Code (BPVC), Sections III and XI

o Generic Safety Issues (GSI)
e American Nuclear Society (ANS) Standards

e Institute of Electrical and Electronics Engineers, Inc. (IEEE)
Standards.

Historically, all these regulatory instruments have been used for the design,
construction, start-up and operation of Nuclear Power Plants. In this, their
primary purpose has been to protect the health and safety of the general
public. The intent of this review was to determine the degree of emphasis on
the management of aging found in the instruments now in use. No attempt was
made to take into account that approximately 50% of the Nuclear Power Plants
now operating were licensed before 1975. Therefore, not all of the plants
were licensed under the same set or edition of instruments noted above. The
review of the applicable instruments was based on the technical issues
related to aging. The descriptions included are the author’s and do not
represent NRC considerations for license renewal.

The components on which the review focused were five light water reactor
major safety-related components: reactor pressure vessels, steam generators,
primary piping (reactor coolant piping), pressurizer vessel, and emergency
diesel generators. (Cables, containment and basemat and selected pumps and
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valves will be investigated in FYs 1990 & 1991 and will be published as
Volume 2.) The components were selected from the NPAR program document
NUREG-1144, Nuclear Plant Aging Research Proqram Plan, that has identified a
1ist of components of current interest and concern relative to the management
of aging. The components are high priority, safety-related components that
have been, in varying degrees, subject to aging problems.

The focus of the review was on 26 NPAR-defined aging issues, including
generic issues, e.g., examination, inspection and maintenance, embrittlement,
corrosion, erosion, and thermal cycles; and component specific issues, e.g.,
steam generator tube specific - intergranular attack, fretting and denting,
and emergency diesel generator specific - harsh and frequent testing.

Each regulatory instrument was evaluated for each aging issue chosen for
each component, e.g., for the RPV and the aging issue of corrosion, each
instrument was evaluated for aging features that provide implied or explicit
direction in the management of corrosion. The results of the review are
contained in tables in appendixes for each of the major components.

The principal conclusion is that aging management does exist in the
safety-related regulatory instruments; however, the information is largely
implied. The emphasis of the instruments appears to be on initial design,
construction, qualification and start-up and actions to address aging prob-
lems that develop after the problem is found. Finally, it was also concluded
that revisions should be made in the instruments to explicitly address aging.

The major recommendation is that the existing body of regulatory
instruments should directly address aging and the management of aging. The
difficulties, however, with any revisions are acknowledged, and it is
recommended that a project plan for the revision process be evaluated and
defined. The planning should include evaluations of ongoing NRC aging
research and industry aging-related research, e.g., Electric Power Research
Institute and individual utilities, and the development of a realistic time
frame for implementation of the revisions.

It is also suggested that all regulatory instrument review information
behinstalled in a computer data-based system for broader use by the NRC and
others.

A number of observations outside the scope of the review were developed
during the analysis of the review by PNL staff. The principal observations
are 1) evaluation of component replacement methods as an aging management
procedure should be addressed in the regulatory instruments for augmentation
of safety and cost effectiveness; 2) aging management could be enhanced by
improvement of NDE methods and inspection tools; 3) the ASME BPVC, as the
major contributor to design and construction and aging management, provides a
valuable contribution to the NPP industry; however, improvements in the Code
are needed to address component material deterioration, design that encour-
ages and allows for repair, replacement, and improved inservice inspection,
and improvements in the time cycle for revising the Code (ASME is currently
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addressing hard to backfit design problems in Section III and the problems of
long time cycles in Section XI); and 4) a safe and well-maintained plant,
i.e., a plant with excellent maintenance methods and procedures, is 1ikely to

be a plant that is successfully managing the aging of its components and
systems.
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1.0 ]INTRODUCTION/PURPOSE

This report comprises Volume 1 of a review of U.S. nuclear plant regula-
tory instruments to determine the extent that they contain information per-
tinent to managing the aging of safety-related components in nuclear power
plants (NPPs). The review was conducted for the U.S. Nuclear Regulatory
Commission (NRC), Of 1ge of Nuclear Regulatory Research, by the Pacific
Northwest Laboratoryl2) under the NRC Nuclear Plant Aging Research (NPAR)
Program (NRC 1987a). In conducting the review, the focus was on safety-
related aging as it relates to selected safety-related components in Nuclear
Power Plants (NPPs). NPAR has defined aging as "the cumulative degradation
that occurs with the passage of time in a component, system of structure."
Therefore, the essential elements of the review on which this report is based
may be presented as follows:

REGULATORY INSTRUMENTS

/

SAFETY-RELATED NPP COMPONENTS - —»- SAFETY-RELATED AGING ISSUES

As used in this report, an "instrument" is a procedure or document as in
an instrument of government, e.g., the Code of Federal Regulations. The terms
regulatory instruments or instruments are used throughout this report and in
this context are not to be confused with an instrument of measurement, e.g., a
pressure gauge or flow meter. The regulatory instruments reviewed for safety-
related information are listed in Section 2.2. Each is described in the body
of this report. Historically, these safety-related regulatory instruments
have been used as the basis for the design, construction, start-up, equipment
qualification, and operation of NPPs. Their primary purpose has been to
protect the health and safety of the general public. This review was under-
taken to determine the degree of emphasis, if any, regarding the inclusion of
explicit requirements for the management of aging found in the instruments now
in use. No attempt was made to take into account that approximately 50% of
the NPPs now operating were licensed before 1975. Therefore, not all the
plants were licensed under the same set or edition of instruments noted in
Section 2.1. The review of the applicable instruments was based on the
technical issues related to aging. The descriptions included are the author’s
and do not represent NRC considerations for license renewal.

The components on which the review focused are the reactor pressure
vessels; steam generators; primary piping (reactor coolant piping); pres-
surizer vessel, with special emphasis on pressurizer spray and surge lines and

(a) Operated for the U.S. Department of Energy by Battelle Memorial
Institute.
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internals; and the emergency diesel generators. (Underway or planned are
reviews for cables, containment and basemat and selected pumps and valves;
this work will be published as Volume 2 in FY 1991).

To determine whether the selected instruments contain significant aging
safety-related information related to the five safety-related components, the
review concentrated on NPAR defined safety-related aging issues. A complete
list of the 26 identified aging issues is found in Section 2.3. These aging
issues include examination, inspection and maintenance, embrittlement,
corrosion, erosion, and thermal cycles; and component--specific issues, e.g.,
steam generator tube specific--denting, fretting and crevice intergranular
attack, and emergency diesel generator speiiYic--harsh and frequent testing.
Each aging issue is defined in Appendix I.l3

The results of the reliﬁw on which this report is based are contained
in tables in Appendixes II\2) through VI entitled "Regulatory Instrument
Reviews": Appendix II for Reactor Pressure Vessels; Appendix III for Steam
Generators; Appendix IV for Primary Piping (Reactor Coolant Piping); Appen-

gix V for Pressurizer Internals; and Appendix VI for Emergency Diesel
enerators.

Section 2.0, "Selection of Instruments, Components and Issues, and
Methodology," describes the regulatory instruments, the selection of com-
ponents, the rationale for the aging issues, the instrument review criteria,
and the review methodology. Also included in Section 2.0 are two typical
examples of how to use the tabular data in Appendixes II through VI.

Section 3.0, "Discussion," provides background information on the regula-
tory instruments versus aging management and the aging issues. Specific
examples of aging management guidance, either direct or indirect, are provided
for each instrument.

The "Conclusions and Recommendations,” "Suggested Future Regulatory
Instrument Review Activities,” and "Observations Qutside the Scope of the
Review" are found, respectively, in Sections 4.0, 5.0 and 6.0 of this report.

(a) The regulatory instruments, e.g., Code of Federal Regulations and
American Society of Mechanical Engineers Code, frequently make use of the
Appendix A, B, etc., within their text; therefore, the appendixes
attached to this report will be designated in Roman numerals to distin-
guish them from those found in the instruments.
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2.0 SELECTION OF INSTRUMENTS, COMPONENTS AND ISSUES. AND METHODOLOGY

This section describes regulatory instruments, the selection of the
major components, the rationale for selection of the aging issues, and the
development of the review criteria and methodology. Examples of how to use
the review information contained in appendixes are included.

2.1 REGULATORY INSTRUMENTS REVIEWED

The following regulatory instruments were reviewed for this report.
While not necessarily all inclusive, they are the most important and applic-
able to the pressure boundary aspects of the current components. IEEE
Standards were added to the 1ist to account for the electrical aspects of the
emergency diesel generators and pressurizer. IEEE Standards were not
considered in the reviews of RPV, steam generator (SG), or the primary
piping. PNL staff with experience in the aging issues and familiarity with
the applicable regulatory instrument performed the reviews and interpreted
the instrument text.

Standard Review Plan (SRP)
o Code of Federal Regulations (CFR)
o NRC Regulatory Guides (RG)

e American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel Code (BPVC), Sections III and XI

e Generic Safety Issues (GSI)
¢ Technical Specifications (TS)
o Institute of Electrical and Electronics Engineers, Inc. (IEEE) Standards
¢ American Nuclear Society (ANS) Standards.
Each instrument is described below.

o Standard Review Plan. The SRP is published by the NRC and provides
guidance for the review of Preliminary Safety Analysis Reports (SAR)
and the Final Safety Analysis Reports (FSAR) for plant design and oper-
ations. The SRP contains 18 chapters and covers all facets of NPP
operations, including plant descriptions, design and construction,
safety features, instrumentation, electrical power, radiation protec-
tion, waste management, quality assurance, and human factors engineer-
ing. The SRP also presents specific Branch Technical Positions (BTPs)
that are developed and published by branches within the NRC, e.g., BTP
ISCB 19 by the Information Security Branch found in SRP Chapter 7,
Instrumentation and Controls.
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Code of Federal Requlations. These regulations codify general and
permanent rules published in the U.S. Federal Register by the Executive
departments and agencies of the U.S. Federal Government. With reference
to this report, these codes establish the rules for design, construction
licensing and operation of commercial NPPs. For the NRC, a federal
agency, the most significant CFR relating to commercial reactors is
Title 10, Chapter 1, Part 50, Domestic Licensing of Production and
Utilization Facilities. Part 50 includes important appendixes, such as
the General Design Criteria requirements, specific material requirements
gor Eegctor vessels, emergency planning, and quality assurance criteria
or NPPs.

Regulatory Guides. These guides are published by the NRC in 10 broad
divisions, including Division 1, Power Reactors. The guides are avail-
able to the public and NPP licensees. They provide general guidance to
applicants and describe methods acceptable to the NRC staff, to imple-
ment specific parts of the Commission’s regulations and, to delineate
evaluation techniques used by NRC staff for specific problems and postu-
lated accidents. The RGs often explain and detail acceptable methods
for the rules found in the CFRs.

American Society of Mechanical Engineers, Boiler and Pressure Vessel
Code, Sections III and XI. The ASME Code establishes the rules of
safety governing design, construction, operation and testing of NPP
components and systems. Section III covers a broad range of components
and systems including, pressure vessels, piping, pumps, valves, supports
and core internals. Section XI provides rules for inservice inspection
of components and systems. Section XI constitutes the requirements of
examinations, testing and inspection to maintain an NPP in a safe and
expeditions manner. Section XI is applicable when the requirements of
the Construction Code, e.g., Section III, have been satisfied. The ASME
Code Editions, Addenda and Code Cases used by the owners of NPPs are
subject to acceptance by the NRC. The ASME codes are frequently refer-
enced in the CFRs. The ASME Maintenance and Operation (0&M) committees
pro;ide an important function through the testing of pumps, valves and
snubbers.

Generic Safety Issues. GSIs are published by NRC to identify safety
jssues generic to NPPs. The GSIs can cover a wide variety of subjects;
however, for the purposes of this review, the GSIs used are those that
are predominately concerned with material degradation and operations
that cause degradation of plant components. When a solution to the
generic issue is found, the usual result is an NRC Generic Letter or an
NR? NUREG report that provides an industry wide dissemination of the
solution.

Technical Specifications. Technical Specifications are NPP mandatory
operational specifications that provide instructions for limiting con-
ditions and surveillance requirements for plant operations. License
applications for authority to operate an NPP are required to supply
Technical Specifications as enumerated in 10 CFR 50, Section 50.36.
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e Institute of Electrical and Electronic Engineers Standards. The IEEE

Standards present criteria and requirements for electrical systems that
are specifically related to providing protection to the health and
safety of the public. The standards included in this review are princi-
pally those prepared by the IEEE Nuclear Power Engineering Committee.
The IEEE Standards, through the Equipment Qualification (EQ) standards
define "qualified 1ife" and provide guidance for requalification or
replacement of components when their qualified 1ife is reached. The
IEEE standards are not mandatory and use of the standards is wholly
voluntary. Use of the standards, as acceptable practice, are subject to
the approval of the regulatory agency, i.e., the NRC. Specific IEEE
standards are frequently called out and/or qualified in the Regulatory
Position Section of the RGs as acceptable to NRC staff.

e American Nuclear Society Standards. The ANS standards are agreements

among designers, engineers, governmental regulatory agencies, manufac-
turers, and nuclear scientists. The standards are developed to provide
current practices on various subjects that affect NPPs. Among the sub-
Jects are criteria for earthquake instrumentation, various safety
guides, selection and training of personnel, QA, security for NPPs, and
auxiliary feedwater system for PWRs. The ANS standards are frequently
published as American National Standards with the approval of the
American National Standards Institute (ANSI). ANS standards are guides
for prospective use and are not mandatory; the designers are not
restricted to the ANS standards and may propose alternate criteria to
provide adequate safety.

These instruments are listed in column 2 of the component reviews Appendixes
IT through VI.

2.2 MAJOR COMPONENTS

The following components were chosen for the current review. They were
selected from the major LWR plant elements of current interest in the NPAR
program, as found in Table 5.3 of the NPAR program document NUREG-1144,
Nuclear Plant Aging Research Program Plan. These selected components are
recognized by the NRC as safety-related components that historically, in
varying degrees, are subject to aging problems. Finally, the selected
components provide a good mix for the review by covering the three major
design disciplines, i.e., structural, mechanical and electrical. The
components are listed in Column 1 of Appendix II through VI.

e reactor pressure vessel
e steam generator

¢ primary piping (reactor coolant piping)
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e pressurizer

o emergency diesel generator.

2.3 AGING ISSUES

Listed below is a 1ist of the component aging issues used in the
instrument review.

e corrosion

s corrosion/erosion

e crack initiation and flaw propagation

o creep/swelling

o element burnout(s)

e erosion

» examination, inspection and maintenance and repair
o excessive/harsh testing

e fatigue

» fracture toughness

o intergranular stress corrosion cracking

e irradiation embrittlement

o Tlow-flux long-time irradiation of vessel internals and supports
o seismic failure/damage

e specific environmental factors, e.g., moisture, oxidation, chemicals,
oils, and dust.

» stress corrosion

o stud failure

o thermal cycles

o thermal embrittlement

e thermally induced bending
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e thermally induced mechanical wear

e transient thermal loads

¢ tube specific - denting, fretting and crevice corrosion
o vibration

e wear

¢ weldments - specific to dissimilar metals of safe ends.

For illustrative purposes, some of the aging issues of the instrument
review are shown below.

For the reactor pressure vessel (RPV),

o IRRADIATION EMBRITTLEMENT - degradation of the structural integrity of
vessel materials due to the consequences of long-term exposure to high
radiation levels that induce changes in the vessel’s material
properties.

o« FATIGUE - degradation associated with cyclic loading, transient cycles,
and thermal and pressure cycles.

For the steam generator (SG),

¢ CORROSION - degradation associated with the deterioration of material
surfaces, chiefly, through chemical actions. The chemical reaction is
influenced by environment of the material or component.

o TUBE SPECIFIC (DENTING, FRETTING AND CREVICE CORROSION) - aging issues
associated with the generator tubes include denting caused by the
crevice corrosion of the tube support plate and tube sheet material;
fretting is caused by the wear action between the tubes, tube supports
and antivibration bars; crevice corrosion due to localized stagnant
solutions in lap joints, holes, welding surfaces, etc.

A1l specific aging issues were derived from the general guidance found
in NUREG-1144, Rev. 1., Section 2.1 (NRC 1987a). Typical degradation
mechanisms are neutron embrittlement, fatigue, erosion, corrosion, oxidation,
thermal embrittlement, and chemical reactions. Aging is also induced by
stressors, e.g., service wear, testing, improper installation, and applica-
tion and maintenance.

Each aging issue was considered, and those believed by PNL staff to be
specific to the components were chosen for the review. The aging issues for
each component were then grouped into principal categories that define the
mechanics or phenomena of the aging processes for the component. For a
typical example see Appendix III, page III.9, item (50), Dynamic effects,
that includes vibration, thermal cycles and erosion.
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Aging issues are not necessarily specific or all inclusive for each
component nor do they manifest themselves in the same way for each component.
For example, neutron embrittlement is not typical to all components. Radia-
tion is unique to the RPV and is not generally regarded as a problem in the
other review components. On the other hand, the RPV as a pressure retaining
component has many safety-related degradation problems that are common to all
vessels and piping systems.

The aging issues for each component are found in column 3 of the review
Appendixes II through VI.

2.4 REVIEW CRITERIA

The review criteria chosen to examine the regulatory instruments answer
three questions: 1) Do the instruments address aging? 2) If so, in what
form is the aging addressed? For example is aging management implied or
explicit and is the guidance or direction adequate or incomplete for the
aging issue? 3) What are the current initiatives that would change the
instruments to address aging and life extension?

The review criteria as they appear in the component review sections are
noted below with a brief definition:

1. Aging Features: What parts of the instrument, if any, identify the
management of component aging. Are aging issues
addressed by the instrument? Is the information
implied or explicitly expressed?

2. Life Extension Does the instrument address 1ife extension or
Features: component replacement needs?

3. Current Is work currently underway to update or change
Initiatives: the instrument to include aging features or life

extension features? What, if any, is the status
of special working groups, of technical committees,
or of on-going research that could lead to the
revision of the instruments to include these

features?
4. Aging Needs: What changes or revisions generally are needed in
the instrument to address aging issues?
5. Life Extension Does the instrument require further investigation/
Needs: research of the aging issue to accommodate life

extension? How could the instrument be used or
modified to meet 1ife extension needs?

The review criteria are listed in columns 4 through 8 on each page of
the component review sections, Appendixes II through VI.
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2.5 REVIFW METHODOLOGY

Each regulatory instrument was examined for data for each designated
major component’s aging issues. Thus the regulatory instrument review for a
component with five aging issues required five reviews for each instrument.
The review relative to the components was carried out in the generic sense;
that is, no distinction was made for the different configurations or manu-
facturers of SGs or for RPVs, or for PWRs versus BWRs. However, the review
does account for the regulatory documents that specifically address a design
configuration or type of reactor. The general approach was to review the
instrument for reference to the aging issues or for a specific reference to
the major components by name or system.

Typically, minimal specific component or aging issues references, by
name, are found in the regulatory instruments. The principal reference is to
systems, such as the reactor coolant system or reactor containment. However,
there are some exceptions; Appendix G, in 10 CFR 50, is specific for fracture
toughness requirements and Appendix H is specific for surveillance require-
ments to monitor changes in fracture toughness. If the instrument revealed
any relationship or potential relationship to the aging issue, further
analysis was conducted to determine the explicit and/or implied relationship.
The related information, if found, was analyzed by using the review criteria
of Section 2.4. Applicable results of the five review criteria analysis were
entered in columns 4 through 8 for each of the aging issues designated for
each component (see Appendix II through VI). Special attention was given to
the current initiatives criteria, and a number of on-going actions were noted
throughout the review. Criteria 1, Aging Feature, is the key criteria of
this review and provides the bulk of the information found in the regulatory
instruments and indeed provides the emphasis to examine the instrument in
more detail. The larger instruments, e.g., the SRP and ASME code, were
investigated by subsections, chapters, etc., and those sections that were
completely unrelated to the aging issues were ignored for detailed analysis.
The smaller instruments, e.g, RGs and IEEE standards, were investigated as a
whole. Many of the instruments were eliminated by title or subject or
objectively determined not to be related to the aging issue(s).

2.6 REVIEW EXAMPLES

Two examples from the PNL regulatory instrument review are shown below.
Example 1 examines the NRC RGs for the issue of EXAMINATION, INSPECTION AND
MAINTENANCE AND REPAIR as they apply to the RPVs. Example 2 examines the
GSIs for the issue of IRRADIATION EMBRITTLEMENT as applied to the RPVs. Each
example begins with a question, followed by an answer.

Example 1

Do the RGs refer to the aging issue of EXAMINATION, INSPECTION AND
MAINTENANCE AND REPAIR with respect to RPVs?
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On page 1I.5 of Appendix II, five entries are shown for the RGs items
(15) through (19). For example, item (15), RG 1.150, indicates that
this RG does have an Aging Feature (Column 4), "UT of RPV welds,”
discusses evaluation of prior UT examinations for determination of crack
growth rates, and Life Extension Features (Column 5), "Inservice inspec-
tion (ISI)," discusses continued structural integrity of reactor through
reliable flaw detection vessels. No Current Initiatives (Column 6) were
found; the entry refers to Note 1, page II.3 which indicates a need for
further study. Aging Needs and Life Extension Needs (Columns 7 and 8)
were shown to be suggestions for improved flaw detection and assessment.
The comments (Column 9) note that cracks may propagate from cladding
into the steel (shell) in the RPV and raises the question that 100% UT
may be required for BWR to assess under cladding cracks.

Example 2

Do the GSIs refer to the aging issue of FRACTURE TOUGHNESS with respect

to RPVs?

As shown on page II.10 of Appendix II, three entries, items (56) through
(58), were made for the GSI relative to the noted issue. The first
entry, Item (56), indicates that GSI A-11 (Column 3) does have an Aging
Feature (Column 4). Column 4 notes that "As plants accumulate more and
more service time, neutron irradiation reduces the material fracture
toughness and initial margins of safety."” The GSI does not discuss
Life Extension Features (Column 5) and it has no Current Initiatives
(Column 6). For the Aging Needs (Column 7) and Life Extension Needs
(Column 8), an entry is made indicating that further analysis is needed
to resolve these review criteria. The comment (Column 9) indicates the
priority for this issue has been resolved with the issuance of
NUREG-0744 (NRC 1982).
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3.0 DJISCUSSION

Although the review data on regulatory instruments developed in this
study, as presented in the Appendixes II through VI for each component,
appear to be comprehensive, the reader is cautioned that the magnitude of the
Titerature, research time, and funding levels did not permit an exhaustive
study of all the text, references and background documentation on each
instrument. The review is, however, a good overview of the degree to which
aging guidance is found in the regulatory instruments. The following sec-
tions provide discussion and insights as to the effectiveness of the safety
regulations to provide guidance for the management of aging.

3.1 REGULATORY INSTRUMENTS AND AGING MANAGEMENT

The PNL review revealed that, in effect, the regulatory instruments do
contain information that does relate either directly or indirectly to current
safety-related concerns and aging management. A strong corollary exists
between safety and aging management, i.e., it is implied that a safe plant is
more likely to be well maintained and more effectively monitored for problems
and degradation. Yet, generally speaking, the instrument review does not
reveal explicit requirements for aging and life extension needs or features.
The majority of related information, i.e., the aging features of the instru-
ments, is interpreted by PNL staff to be implied guidance. The implied guid-
ance or, in some cases mandatory guidance, i.e., the technical specifications
(TSs), have been useful in the management of aging. Simply stated, the
safety-oriented regulatory instruments used for NPP have indirectly managed
aging through safety-oriented design and safe operations.

3.2 REGULATORY INSTRUMENTS AND THE AGING ISSUES

This section presents the key objective of the review, which is con-
tained in the question, "Do the regulatory instruments address aging issues?"
In this section, a general assessment statement is provided for each instru-
ment relative to the aging issues.

Each issue is listed in Section 2.3 and defined in the glossary of
Appendix I. Examples of specific features in each regulatory instrument that
address aging issues are included with a typical degree of depth on how the
instrument addresses an issue. (In this section, the instruments are
discussed in the order that they appear in the review data, Appendix II
through VI.)

3.2.1 Code of Federal Regulations

The CFRs are the principal base for all the regulations that mandate the
design, construction, inspection and operation of the components chosen in
this review. Appendix A, General Design Criteria for Nuclear Power Plants
(GDC), 10 CFR 50, provides the largest measure of implied aging management.
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The GDC of Appendix A coupled with Section 50.55a, Codes and Standards,
provides the broad base design and inspection requirements.

The CFRs tend to be generic in description because they often address
broad plant categories such as the reactor coolant pressure boundary. In
this review, four of the components considered are within the reactor coolant
pressure boundary. Consequently, the Criterion needs given in 10 CFR 50,
Appendix A, implies aging management even though the component is not
mentioned in specific description. In general, the review components, with
the exception of the RPV, as referenced in 10 CFR 50, Appendix G and H, are
not discussed in the CFRs. Aging and life extension are not explicitly cited
in the text. NPAR aging, as defined in the introduction, does not appear.
The implied aging features as found in the review, are based principally on
the assumption that a reactor designed, constructed, tested and operated
within the rules of 10 CFR 50 will provide the licensee a facility that can
be managed for aging. Aging does appear in 10 CFR Part 50, §50.49, "Environ-
mental qualification of electric equipment important to safety for nuclear
power plants,” (e), (5). This aging is in reference to equipment qualified
by test and preconditioned by natural or accelerated aging. Also, in 10 CFR,
Part 50, Section 50.109, Backfitting, ¢, (8), states that "the potential
impact of difference in facility type, design or age on the relevancy and
practicality of the proposed backfit,"” will be considered when addressing
backfit requirements. Yet in these examples, the "aging" and "age" are not
used in the same context as NPAR defined aging.

The following are typical examples of the more specific requirements of
CFRs; while not using the terms aging and 1ife extension, these examples may
be regarded as aging management guidance:

o 10 CFR 50, Appendix A, General Design Criteria for Nuclear Power Plants,
Criterion 51, states that "The reactor containment boundary shall be
designed with sufficient margin to assure that under operating, mainten-
ance, testing, and postulated accident conditions (1) its ferritic
materials behave in a nonbrittle manner and (2) the probability of
rapidly propagating fracture is minimized. The design shall reflect
consideration of service temperatures and other conditions of the
containment boundary material during operation, maintenance, testing,
and postulated accident conditions, and the uncertainties in determining
(1) material properties, (2) residual, steady state, and transient
stresses, and (3) size of flaws." Aging and 1ife extension are not
specifically used in the above quote; however, the criterion does
address a number of aging issues identified in this review including,
jrradiation and thermal embrittiement, fracture toughness, fatigue,
thermal cycles, crack formation and growth, testing and maintenance and
seismic failure/damage. The criterion terminology of "under operating,
maintenance, testing, and postulated accident conditions" encompasses
all plant operating phases and strongly advocates a design that assures
material reliability throughout the plant’s operating period.
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¢ Appendix A, Criterion 2, address the aging issue of seismic failure/
damage. The criterion states that "structures, systems and components
important to safety shall be designed to withstand the effects of
natural phenomena such as earthquakes, tornadces, hurricanes, floods,
tsunami, and seiches without loss of capability to perform their safety
functions." The design is subject to the most severe (historically)
known natural occurrence, to the combinations of normal conditions and
accident conditions and natural phenomena and, to the importance of the
safety function performed.

3.2.2 Jechnical Specifications

The TSs are mandatory requirements that provide the safety limits, the
1imiting safety systems settings, the limiting conditions for operations and
the surveillance requirements for NPPs. TSs should not be confused with or
called "guides" because they provide specific mandatory rules for operation
of a particular plant. They are required for NPP operations by the rules of
the CFRs and are enforced for the life of the plant. TSs may provide aging
management through enforcement of limits that are set at acceptable levels or
procedures which will control, reduce, mitigate, detect or preclude aging
degradation. The TSs, for example, require that safety-related equipment be
in acceptable operable condition or, if not repaired within a specific time
frame, the plant will be shut down. TSs also require records to be main-
tained for operating cycles, e.g., cyclic loading/P/T cycles. These records
can provide documentation for material life or 1ife extension documentation.
The TSs reference the ASME code, Section XI, for inservice inspection.

The following are examples of specific TS applications that contain
implied aging management.

o Technical specifications require inspection for "wall penetrations" or
other modes of SG tube wall thinning. This requirement addresses the
aging issue of erosion. The present inspection technique is eddy
current for a fraction of the SG tubes on a 12-to-24 month basis.

o Thermal pressure cycles are recorded during thermal/pressure reactor
coolant heat-up or cool-down on the primary side only. These cycles are
useful for aging management by providing records for evaluation of the
reactor coolant system P/T and PTS history.

e TSs require primary reactor coolant system (RCS) chemistry control and
the retention of water analyses and associated records. This informa-
tion is useful in determining the water chemistry history of RCS and is
useful in the management of aging and life extension.

e The TSs require inspection of component and equipment mechanical

restraints, snubbers, on a periodic basis. Failure of visual or
functional tests require maintenance or replacement.
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3.2.3 Standard Review Plan

The SRP by definition (see Section 2.1) provides a plan "for the review
of safety analysis reports (SARs) for nuclear power plants.” The SRP con-
sists of eighteen chapters, ranging from site description of the plant and
design of structures and components to human factors engineering. The prin-
cipal concern of the SRP is safety, e.g., does the SRP review of the FSAR
indicate that a plant can be started and operated safely and, if a failure
occurs, can the plant be shut down in a safe manner? The SRP, typically,
wants to know whether the plant design/procedures comply with applicable
CFRs, such as 10 CFR 50.55a, inservice inspection. Many of the implied aging
features in the SRP occur because of references to the ASME Code, 10 CFR 50,
General Design Criteria and other standards.

Specific examples of aging related guidance in the SRP are as follows:

o SRP 5.2.3, Reactor Coolant Pressure Boundary Materials, discusses the
review of suitable materials and review of procedures for manufacturing
and welding. The SRP has implied aging management by determining
whether the plant design has used the right materials, i.e., correct
materials will or should stand up to the plant operation and
environment.

o SRP 3.9.2 has an aging feature for the dynamic effects of vibrations
through the review of the structural and functional integrity of the
piping systems under vibratory loads.

3.2.4 Regulatory Guides

The RGs are principally issued to describe methods acceptable to NRC
staff and to provide guidance to applicants in the use of the 10 CFR 50
regulations, especially as applied to the GDC. The "Introduction" of a RG
will frequently refer to the importance of safety and safety systems;
"aging," on-the-other-hand, is not part of the text. Yet some of the RGs do
discuss the aging issues. Information on corrosion, vibration, progressive
tube deterioration, and secondary water chemistry maintenance, e.g., may be
found in the "Discussion” section of RG 1.83; however, the purpose of RG 1.83
is for guidance in the performance of inservice inspections (ISI) for steam
generators. Some individual RGs may be specific to a single component or
part of a component, and these individual RGs tend to support the direct
management of aging, even though the intent of an RG is to promote safety.

Examples of aging management guidance in RGs are shown below:

s Degradation of steam generator tubes has been identified as a problem
because of mechanical damage or progressive deterioration caused by
inadequate design, manufacturing errors, or chemical imbalance. Tube
problems are caused by a number of mechanisms including, IGSCC, IGA,
pitting, denting, fatigue, wastage and erosion/corrosion. Management
of the tube degradation is assisted by RG 1.121, "Bases for Plugging
Degraded PWR Steam Generator Tubes." The guide describes methods
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acceptable to the NRC staff for establishing limiting safe conditions

of SG tube degradation. Conditions beyond the limiting safe conditions

:Rouldbresult in removal from service by plugging (welding each end) of
e tubes.

¢ Regulatory Guide 1.85 allows the use of approved ASME "Code Cases," thus
providing a mechanism to use current repair and replacement techniques
within the jurisdiction of the code. These alternate methods within the
Jurisdiction of the code may provide improvements in repairs and mate-
rials that could enhance aging management and 1ife extension.

3.2.5 ASME Boiler and Pressure Vessel

The ASME Boiler and Pressure Vessel Code, especially Section III and
Section XI, are used for the design and construction of NPPs. Section XI,
inservice inspection remains in effect throughout the 1ife of a plant and
provides inspection criteria, intervals, and acceptable methods. Sections of
the ASME code are mandated in 10 CFR 50, Section §50.55a, Codes and Stan-
dards, which specifically notes that "Structures, systems, and components of
boiling water and pressurized water-cooled nuclear power plants must meet the
requirements of the ASME Boiler and Pressure Vessel Code." Manufacturers and
designers are expected to use sound engineering practice and judgment within
the rules of the Code. The expressed purpose of the Code is to provide
protection of life and property and a margin for deterioration in service for
a reasonably long, safe period of usefulness. The review, however, reveals
that material deterioration is not fully addressed and needs attention. The
ASME Code does, in general, address "life of plant"” issues and, in some
cases, it is very specific, e.g., corrosion allowances for vessel and pipe
thickness. The Code also provides for use of current technology for repairs/
replacement and materials by the use of approved Code Cases. The Code is a
1iving document which is currently revised and published every three years,
e.g., the latest was published July 1, 1989. Addenda are issued in December
of the years between major publications. Code interpretations are usually
provided twice a year as an update service to the various sections.

The following are examples of the Code that are related to aging-
management issues:

o A strong implied aging features exist in Section III, Class I, piping.
If corrosion or erosion is expected, the piping thickness, shall be
_ increased over the design thickness to be consistent with the specified
design 1ife.

e The ASME Code recognizes that problems exist and, consequently, the code
is under continuous revision to effect improvements and changes. For
example, a Section XI, Special Working Group (SWG), has implemented
revisions to IWA 2400 which will delete the current 40-year operating
1imit of nuclear plants. A SWG has been set up to consider the develop-
ment of a new Section XI, Article IWX-8000, called Requalification of
Fatigue Life. A Section III, SWG is also reviewing fatigue curves to
determine revisions to accommodate operation beyond the 40 years. A new
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Subsection IWT for Section XI is now under consideration by ASME; the
subsection addresses the aging-related issue of erosion-corrosion.

3.2.6 Generic Safety Issues

Generic Safety Issues, as their name implies, are concerned with safety
issues common to all NPPs or to types of LWRs, PWRs or BWRs. The GSIs do not
explicitly reference aging management. The GSIs are, however, concerned with
many of the aging issues, and the reader will note that, in the reviews,
Appendix II through VI, the aging issues for each component are frequently
the subject of a GSI, including cracking and degradation of bolts, mitigation
of steam generator rupture/degradation, SCC, fracture toughness, corrosion of
interior metal surfaces, control of overfilling transients, pressurized
thermal shock, and neutron irradiation of RPV welds. Thus the GSIs identify
many aging issues as problems, and this identification process does assist in
the management of aging. When a solution to the problem is determined,
management of the problem, i.e., the aging issue, is addressed by the NRC
usually through Generic Letters, NUREGs and the SRP/BTP.

bel Examples of applicable aging issue subjects found in GSIs are listed
elow.

» GSI A-11 notes that as plants accumulate increasing service time that
neutron irradiation reduces the fracture toughness and the initial
margins of safety. This issue was thought to have been resolved by
NUREG-0744 (NRC-1982); however, a need to monitor and analyze trends of
nil-ductility temperature exists; that is, what are the impacts of
extended 1ife on brittleness? A related GSI is USI A-49. This issue is
concerned with irradiation of reactor vessel weld and plate materials
and the reduction of fracture toughness in these materials.

o GSI 29 addresses cracking and degradation of bolts and studs from stress
corrosion, fatigue, and boric acid corrosion.

o GSI A-15 addresses the aging issue of corrosion activated by neutron
flux. Operation of LWRs result in slow corrosion of interior metal
surfaces of the primary coolant system.

o GSI A-12 addressed the problems of Tamellar tearing and low fracture
toughness in SG and reactor pump supports. This problem was also
addressed in NUREG-0577 (NRC-1979), Potential for Gas Fracture Toughness
and Lamellar Tearing on PWR Steam Generator and Reactor Coolant Pump
Supports.

e GSI A-3 and A-4 reported the SG tubing degradation due to wastage and
SCC in Westinghouse SG (A-3) and Combustion Engineering SG (A-4).

3.2.7 Institute of Electrical and Electronic Engineers Standards

Many of the IEEE standards provide qualification/acceptance criteria;
thus they tend to dictate an aging management perspective through
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qualification testing. The IEEE standards cover a multiplicity of subjects
related to electrical and electronic systems. WNumerous IEEE standards are
dedicated specifically to the nuclear industry’s Class IE equipment, and it
is these specific standards that this review investigated. The IEEE stan-
dards are frequently referenced in the regulatory instruments, such as the
SRP. The regulatory basis for the use of the IEEE standards is found in the
CFRs and the RGs. The NRC RGs frequently, in the “"Regulatory Position" sec-
tion, 1ist the IEEE standards that are acceptable (with exceptions) to the
NRC staff for satisfying the Commission’s regulatory requirements. The
standards are generally not acceptable in whole and the "Regulatory Position"
will state the exceptions or other requirements. The majority of IEEE stan-
dards are jointly approved by the ANSI and may be designated as ANSI/IEEE and
published as an American National Standard.

The following are some specific examples of the explicit and implied
aging management found in the IEEE standards:

o The IEEE standards require that an assessment of the effects of aging
must be addressed when considering the ability of equipment to perform
safety functions. Types of aging that must be addressed include vibra-
tion, wear, and natural and environmental conditions. Standard 323
recognizes the need for aging management and defines the steps to
address aging. This standard defines aging and explicitly address the
subject. IEEE 323 defines aging as "the effect of operational, environ-
mental, and system conditions on equipment during a period of time up
to, but not including design basis events, or the process of simulating
these events."

o IEEE standards recommend establishment of procedural practices to obtain
the qualifying (test) data. The data is required to qualify that the
equipment will meet its performance requirements following one safe
shutdown earthquake (SSE). Included are tests for vibrational aging,
seismic aging and normal operating loads. IEEE 323 defines qualifica-
tion as "the generation and maintenance of evidence to ensure that the
equipment will operate on demand to meet the system performance
requirements."

o IEEE 934 standard addresses an aging perspective by providing criteria
for the use of replacement parts for both construction and operations.
The standard requires acceptance testing of parts for wear, fatigue,
defects and insulation breakdown prior to release to service. Failure
of parts provides aging management by addressing the aging issues, e.g.,
wear and fatigue and insulation breakdown.

3.2.8 American Nuclear Society Standards

The ANS prepares and publishes standards for the design and operation of
NPPs. The standards are usually published as joint American National Stan-
dards Institute (ANSI) and ANS standards. The ANSI/ANS standards tend to be
more safety specific than are the other instruments included in this review.
The ANS standards do not, however, explicitly mention aging or aging
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management. They were included in the review because they do address a
number of the aging issues for various components.

Some examples of the ANS standards that can be related to implied aging
are as follows:

o ANS-3.2 provides requirements and recommendations for administrative
control, including written procedures for activities associated with NPP
operation to help ensure that operations are carried out without undue
risk to health and safety of the public. Among the activities are aging
activities of inspection, testing and maintenance and repair.

¢ ANS-58.11 provides design criteria for achieving and maintaining cold
shutdown conditions from a hot standby or post accident condition. This
standard is explicit to safety; however, aging management of pressure
and temperature cycles are addressed and adverse conditions are modu-
lated by the suggested design criteria that confront nuclear safety
issues of reactivity control, RCS integrity, P/T control, heat removal,
and inventory control.

3.2.9 General Correlation of Implied Aqing

While the above examples for all of the regulatory instruments and
indeed the instrument review itself tend to correlate with the "implied”
aging scenario, most of the instruments were developed to emphasize plant
design and construction, plant pre-operational stages, and SARs. The instru-
ments include concepts related to pertinent aging issues, but they were not
written to solve aging problems or manage those issues. However, it is also
true that some of the instruments apply throughout the life of the plant.

The SARs are effective for the life of the plant and receive annual updates.
Codes and standards, such as IEEE standards, that are noted in the SARs or
other correspondence/agreements become a life-of-plant commitment. The Code
of Federal Regulations apply throughout the 1ife of the plant. The TSs apply
throughout the length of the license and the ASME B&PV Code, Section XI,
applies as long as the plant operates. In addition, the NRC Regulatory
Guides apply and may become part of the license commitment if the utility
commits to the guidance of the RG. GSI resolutions can be implemented
throughout the life of the NPPs and become part of the licensing base.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations were derived from the work

completed to date on the five components selected for the first part,
Volume 1, of the regulatory instrument review.

4.1

4.2

CONCLUSIONS
The following are the central conclusions derived from the review:

The instruments included in this review, with minor exceptions, do not
explicitly use aging or 1ife extension terminology. The instruments, by
definition, are dedicated to safety and have the ultimate purpose to
establish and maintain safe operation of NPPs. Yet aging management
does exist in them because safety-related design, construction and
operation are consistent with the principles needed to provide aging
management and life extension. This is to say, the technology associ-
ated with providing safety is congruous with technology required for
management of aging.

The emphasis in the regulatory instruments is on design, construction,
equipment qualification and on the final safety review that will provide
a safe plant at start-up. Specific actions to address aging and aging
management, on the other hand, are generally initiated after a plant is
placed in service.

Revisions should be made to the instruments that explicitly’address
aging, see 4.2, Recommendations. Revisions will be difficult to

achieve. Revisions of an instrument by instrument basis is the most
practical approach at this time.

RECOMMENDATIONS

The following are the primary recommendations identified as a result of

the review:

The content of the regulatory instruments need to be changed to
explicitly address the consequences of component, systems or structures
(CSS) aging rates. Aging (degradation) rates are often not explicitly
addressed in the body of the instruments and a key principal in the
management of aging is understanding the rate of degradation over time.
Emphasis on CSS aging rates, in the body of regulatory instruments, will
serve five purposes: 1) establish an explicit need in NPP functional
design criteria; 2) accelerate the improvement in trending and the
methods of obtaining trending data; 3) accelerate the upgrading of
applicable codes and standards; 4) accelerate the improvement in NDE
tools and methods; and 5) improve CSS design and improve the design
margins or the factors of safety needed.
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s Project planning for revisions to the instruments will be a key feature
in the success of any revision strategy and should address, as a
minimum, the following questions:

1. Should the individual instruments be changed or should a new
comprehensive regulatory guide be prepared to address the aging
management issue?

2. What is the status of current industrial aging-related activities,
such as EPRI research efforts, Nuclear Management and Resource
Council (NUMARC) and Nuclear Plant Life Extension Committee
(NUPLEX) reports, industry sponsored working group guidelines,
documents and standards? (A1l sound solutions to aging problems
should be included in the revision process.)

3. What is the status of existing national society codes and standards
relative to aqing initiatives? This status check should include
codes and/or standards of societies such as ASME, ANS, ANSI,
National Fire Code (NFC), American Society of Testing and Materials
(ASTM), American Concrete Institute (ACI), IEEE, and PLEX. (ASME
has bee? given the overall PLEX responsibility for all standards
groups.

4. What is a realistic time frame for implementation of the revisions?
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5.0 SUGGESTED FUTURE REGU NSTRUME EVIEW ACTIVITIES

The following are activities that should be considered for future work
associated with this review task.

5.1 €O UATION OF THE GUIDE TO REGULATOR STRUMENTS

During the course of this instrument review, a Technical Evaluation
Report containing the results of the review on LWR reactor pressure vessels

was published: PNL-6848, Guide to Requlatory Instruments for LWR Reactor

Pressure Vessels: Aging and License Renewal Considerations. The results
contained in PNL-6848 are included in this report as Appendix II. It is

suggested that the results of all the reviews, Appendix III, IV, and V and
the reviews of FY 1990, be added to PNL-6848.

5.2 COMP D BASE_FOR THE REGULATORY INSTRUMENT REVIEW

It is suggested that the basic data from the Regulatory Instrument
Review, Appendixes II through VI, be installed on a computer data-base system
to make the information available for broader use. Information collected on
other components should be added to the data base as it becomes available.
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6.0 OBSERVATIONS OUTSIDE THE SCOPE OF THE REVIEW

The following are observations and recommendations that arose out of the
review resuits that are not directly related to the objectives of the instru-
ment review. They are based on the analysis of the instruments used to con-
duct the review, mainly on a close review of the comments included in the
tables in Appendixes II through VI. For final validation, these observations
should be subject to further study.

COMPONENT REPLACEMENT

In general the regulatory instruments reviewed do not address component
replacement as an aging management tool. Many components have design
features for replacement and have been replaced well within the 40-year
license period. Components such as, pumps, valves, motors, electrical and
instrument controls fall within this category and are routinely replaced.
Some components, notably the SG and primary piping, were never intended to be
replaced; yet, a number of these replacements have been made within the
40-year license period. Some replacement direction is provided through
components under TS surveillance and replacements will be made if repairs
cannot be successfully performed. Also, electrical qualified (EQ) components
within containment will be replaced according to their lifetime qualification
testing. Thus, the scenario is that replacements are taking place because of
design and necessity and within the jurisdiction of regulations/codes. The
emphasis of the body of instruments, however, does not address replacement as
a management tool. It is concluded that the instruments revisions should
emphasize replacement methods by encouraging design for routine replacement
and by encouraging improvement in CSS life assessment methods, including
improved material degradation trends and component life predictions.

A factor in replacement methods is Diminishing Manufacturing Sources
(DMS) or the increased unavailability of parts and components from manu-
facturers. DMS results in an increased vertical unsupportability of aging
components and subsystems. DMS also results in an increase in maintenance
costs. The NRC has identified DMS problems (NRC 1986) within the nuclear
industry. These problems have resulted in down time and the necessity to
operate in a degraded mode because of unavailable replacement parts. DMS has
been identified by the Department of Defense (DOD) as a serious and prevalent
problem. The DOD has, however, taken aggressive action to counteract the DMS
phenomenon, e.g., using performance specifications rather than plant speci-
fications, using improved long range forecasting and using improved procure-
ment techniques. It is suggested that improved component NPP replacement
methods should recognize the DMS problem and actively pursue solutions
similar to the DOD strategy.

IMPROVED ISI METHODS AND TOOLS

The regulatory instrument review revealed that the management of aging
could be enhanced with improved ISI tools, e.g., Appendix II, page II.13,
item (83) of this review for the reactor pressure vessels, with reference to

6.1



RG 1.150, states that improved flaw detection for the distribution of micro-
flaws is needed. Also Appendix III, page III.13, item 92, addresses the
aging issue, embrittliement, for the steam generator, with reference to

10 CFR 50, Appendix A, Criterion 51. Criterion 51 stipulates that the con-
tainment pressure boundary be designed for operating, testing and postulated
accidents such that the ferritic materials behave in a non brittle manner.
The Aging Needs, Column 7 for item 92 states that "Methods to measure
embrittlement properties” are needed. The Life Extension Needs Column 8
states that "Improved NDE techniques to determine embrittiement properties”
are needed. Therefore, for item 92, the review recognizes the need for
improved NDE to provide in-situ embrittlement evaluation to verify that the
containment material is behaving in a non brittle manner as stipulated in
Criterion 51. Based on the results of the review, research is needed to
improve traditional NDE and d?v?lop new NDE techniques for management of
aging in the following areas:(2

1. Effective means to determine fracture toughness and strength, and mate-
rial embrittiement, including embrittiement induced by irradiation,
hydrogen, and thermal changes. For example, embrittlement appears as a
problem in nine out of eleven priority rankings (NRC 1987b) for PWR com-
ponents shown in the priority rankings of NPAR degradation mechanisms.

2. Assessment of magnetic methods for material properties measurements to
detect aging degradation of NPP steel materials should be encouraged and
continued. Magnetic methods (Jiles 1988) may provide the techniques and
have advantages over other NDE for in-situ evaluations especially as
applied to the prediction of fatigue or creep damage.

3. Assessment of the use of acoustic emission (AE) for evaluating the
continued serviceability of materials should be encouraged. AE is a
unique tool that should have capabilities in environmental hardening,
touggngis, fatigue, and yield strength (Spanner 1979; Spanner 1985; Dal
Re 1986).

4, Additional improvements are needed for the evaluation of stress corro-
sion cracking and intergranular attack on the outside diameter and
inside diameter of steam generator tubes. Current technology has prob-
lems in this area; in most cases, cracks in the U bends or tube sheet
area cannot be detected until they are through-wall. NDE technology
improvements are also needed in vessel evaluation. Current methods
cannot, with proven accuracy, detect shallow flaws of most interest in
vessel fracture evaluations.

5. Studies are needed to determine NDE time intervals for inspection and
the amount (coverage) of inspection needed to manage the aging process.
(ASME Risk-Based and Reliability studies should provide a probabilitic
basis for optimizing the level of NDE, as well as the intervals.)

(a) This observation supports the need for the current work in NDE to
improve existing techniques and develop new ones.

6.2



HATER CHEMISTRY CONTROL

Water chemistry control is an important aging factor in the operation of
LWRs, including steam generator tube corrosion in PWRs. Although consider-
able work on this factor has been conducted, especially in the 1970s, more
research may be required before existing guidelines and/or instruments can be
revised. As noted in the review, Appendix IIl, page III.17, item 125,
control of primary side water chemistry is technically controlled by the TSs.
The comments of item 125 (Column 9) note that secondary side water chemistry
is administratively controlled and not controlled by the TSs. The comments
indicate that improvements should be made in the management of the SG’s
secondary water side chemistry.

EMPHASIS ON THE ASME CODE

The ASME BPVC Code is a principal instrument used in the design and con-
struction of LWRs and it provides significant guidance and insight into the
management of aging. The code is a Tiving document with ongoing revisions,
and many of the aging issues noted in this review are currently being
addressed by ASME code committees and special working groups, e.g., the
current PVRC Section III/XI committee, is addressing code limitations
including PLEX. However, special emphasis needs to be placed in the
following areas:

1. Code revisions are needed that more vigorously address material and/or
component deterioration as functional criteria of the design.

2. The Code’s emphasis on plant design requirements that allow for component
ISI, repairs and replacements should continue. Improvements in the code
that prescribe alternate or better design methods for ISI, repairs and
replacements should be encouraged.

3. It has been estimated that a change in the Code takes about eight to ten
years to fully implement. When appropriate, shorter time intervals are
needed for implementing changes in the Code. The time cycle for specific

items that did not appear in earlier codes needs to be shortened. (In some

instances the time cycle has been shorten; it can be done. For example a

new subsection for Section XI, IWT on erosion and corrosion, was approved by
ASME’s Main Committee within a three year time frame and in two years after

ASME’s Council on Codes and Standards gave the go-ahead. An additional
problem, however, exists after the ASME involvement and that is the
implementation through 10 CFR 50, 50.55a Codes and Standards. Thus, &
change in code can also be coupled with the implementation delays. ASME

Code Case(s) procedures and the RGs that identify acceptable cases certainly

help the overall picture, but they are not the total answer.)
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APPENDIX I
GLOSSARY OF AGING ISSUES

corrosion - Corrosion is an aging issue that applies to all components in
varying degrees and is manifested in different ways. Corrosion in the broad
sense is the deterioration of material surfaces, chiefly, through electro-
chemical reactions and is influenced by the environment of the material or
component, e.g., high humidity. A familiar example is the rusting of iron.
Corrosion is also linked to other aging issues by causing an acceleration of
the degradation, e.g., stress corrosion cracking, irradiated assisted
corrosion cracking, corrosion fatigue, and corrosion/erosion.

corrosion/erosion - Corrosion/erosion occurs when the eroding fluid (1iquid
or gas) or particulate matter is in the presence of or contains corrosion
causing products, i.e., the corrosion reaction is accelerated by the relative
movement of the corrosive fluid and the metal surface. This mechanism
involves the effects of mechanical wear or abrasion. Characteristics of
corrosion/erosion are the appearance of grooves, gullies, waves, round holes
and valleys on the surface of the component. An example of corrosion/erosion
is tube wall thinning caused by impingement of water droplets containing
suspended solids.

crack formation and flaw growth - Material crack formation and fatigue growth
of flaws are indicators of material degradation and possible failure by
through-wall cracks. A crack is a dlscont1nu1ty at a particular location in
a material as a result of localized excessive elastic/plastic deformation. A
crack will propagate as long as the tensile stress acting on the component
supplies sufficient energy to sustain a new crack surface (this aging issue
is related fatigue and SCC, i.e, without a driver a crack will not grow).
Present methods of flaw and crack detection are not 100% effective and
improvements are needed for evaluation of crack initiation and growth. The
issue also encompasses human factors of NDE staff, e.g., training.

creep/swelling - Creep is defined as the progressive deformation of a
‘material at constant stress. Creep failure (fracture) or stress rupture
“exhibits the influence of relative high temperatures on long-time load-
bearing characteristics. The creep temperature is often expressed as a
homologous temperature, i.e., the ratio of the operating temperature T to the
absolute melting temperature T, (K). Creep of load carrying components
becomes of 1mportance at a homo]ogous temperature greater than a ratio of
0.50. Load carrying components operating in the temperature range of 538°C
to 870°C (1000°F to 1600°F) are susceptible to creep. Generally, creep is
not a major problem in LWRs because of their temperature operating levels.
These levels at around 550°F are below the creep range for ASME Code
materials specified in ASME BPVC, Section III. This aging mechanism, how-
ever, is of interest to the NPAR program because of its impact on electrical
components/systems. An increase in the dimensions of components (e.g., fuel
elements, and fuel cladding) swelling is caused by the accumulation of
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fission product atoms in the structural lattice of components. The fission
prodgcts occupy a larger volume than the original material which caused
swelling.

element burnout(s) - Element burnouts and repair and replacement of heaters
are identified as an aging issue for the pressurizer vessels.

erosion - Erosion is a broad aging issue that is principally associated with
fluid flow in components. High velocity water impingement can erode the
walls of pipe and fittings. By definition pure erosion is the mechanical or
wear action of a fluid and/or particulate matter on the surface of component
parts. Erosion is usually accelerated by the presence of solid particles in
flowing fluid. The possible consequences of typical erosion is the thinning
of a pipe wall to failure.

examination, inspection and maintenance and repair - These activities may be
considered aging issues because the management of aging is affected by these
activities and in some cases aging is accelerated by poor examination, harsh
inspection, and improper maintenance and repair. Also conditions may exist
that do not permit adequate performance of the activities.

excessive/harsh testing - Testing programs and procedures that require exces-
sive testing can lead to accelerated aging, e.g., harsh testing programs
associated with the emergency diesel generators have been identified as
contributors to aging.

fatigue - Fatiqgue in reactor operations is broadly defined as structural
weakness and loss of resiliency in materials resulting from stressors, e.g.,
vibrations and thermally-induced fatigue cracks. Fatigue is defined as the
phenomenon leading to fracture under repeated or fluctuating stresses having
a maximum value less than the tensile strength of the material. Stress
induced by stratified flow is an example of thermal fatigue. As the name
implies, in stratified flows the cool water flows on the bottom of the pipe
while steam flows on the top. These conditions can cause temperature
differences that can lead to thermal cycling and fatigue of piping systems,
e.g., pressurizer spray line and vessel nozzles.

fracture toughness - Fracture toughness is a material property that relates
to the ability to resist fracture. Fracture toughness is related to the
unique stress intensity level that causes failure in a component (is also
called the critical stress intensity level). Its measure is the stress
intensity factor, which incorporates both geometrical terms (the crack length
appears explicitly, while the crack tip radius is assumed to be very sharp)
and the stress level. It is an embrittlement aging issue specific to NPPs
because ferritic materials suffer from decrease in fracture toughness as a
result of irradiation. The CFRs specifically provide 1imits for the RPV
material tests, i.e., initial Charpy tests of material shall be 75 ft-1b
(102J) and throughout the 1ife of the vessel shall not be less than 50 ft-1b
(6$J). Additionally, the material RTypT is Timited by the PTS screening
rule.
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intergranular stress corrosion cracking (IGSCC) - IGSCC is a preferential
corrosion at the grain boundaries of a susceptible metal or alloy in the
presence of a chemically aggressive environment, e.g., hot oxygenated water,
and a tensile stress. IGSCC has occurred in austenitic SS in oxidizing
environments such as BWRs. It also has occurred in SG tubes, safe ends, and
type 304 SS piping. The principal concern is that SCC can cause ruptures,
leakages, and plant shutdowns.

irradiation embrittiement - Irradiation embrittlement is defined as a
decrease in fracture toughness due to long-term exposure to nuclear radia-
tion. High neutron fluence levels can cause embrittlement in the RPV
beltline region as well as other reactor internals and core supports. A
reduction in tensile ductility is also caused by the neutron exposure.

Tow-flux Tong-time irradiation of vessel, vessel internals and supports -
This aging issue is principally identified for the RPVs and vessel supports.
Long-term flux reduces toughness and initial margins of safety in RPVs.

seismic failure/damage - Aging issues associated with earthquake damage were
considered. Although not a classic aging issue, NPPs are required to evalu-
ate seismic conditions and the consequences of natural phenomena and the
damage that may result from these events. Aging could weaken a component so
that it would not be able to withstand a seismic event.

specific environmental factors, e.g., moisture, oxidation, chemicals, oils,
and dust - Environmental factors can induce aging in many NPP components.
For this review the factors of moisture, chemicals, oils, dust, etc., are
-primarily of concern in the operation, testing, and performance of the EDGs.
Because these factors can induce aging, physical location, surroundings,
housekeeping and maintenance are important to EDGs. A1l these factors or
elements can accelerate many of the aging mechanisms associated with the
operation of diesel engines and their support equipment.

stress corrosion cracking (SCC) - SCC is degradation associated cracking
accelerated by the combined effect of constant tensile stress, corrosion
environments and susceptible microstructures. The stress may be residual in
the material, as from cold working or heat treatment, or it may be externally
applied. The observed crack may be transgranular or intergranular, depending
on the nature of material and the environment. This term is a broader aging
term than IGSCC and has been linked to bolting degradation in many cases as a
principal aging problem, e.g., leaking steam through gaskets can react with
the bolting lubricants and cause SCC.

stud failure - This aging issue is a factor in degradation of closures,
flanges, manways, etc., through the cracking of bolts and studs from stress
corrosion, fatigue, and corrosion.

thermal cycles - Aging issues are aligned with temperature cycles. Thermal
cycling induces stress through thermal gradients/temperature changes.

Thermal cycling induces thermal stress, low-cycle thermal fatigue, and high
cycle fatigue (water temperature fluctuations). Low-cycle fatigue is defined
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as fatigue caused by high stresses and Tow numbers of cycles. Signifiﬁant
p]gstic strains occur during each cycle. Cycle lives are Tess than 10% to

10 High-cycle fatigue is defined as fatigue caused by low stresses and
high numbers of cycles. Sarain cycles are in the elastic range. Cycle lives
are greater than 10% to 10°.

thermal aging embrittlement - Thermal embrittlement is defined as a reduction
in the ductility of a susceptible material due to a chemical change
influenced by high temperature for long times. Thermal embrittlement of cast
stainless steel components (pump housing, valve bodies, piping and fittings,
etc.) is possible over periods of many years, resulting in increased critical
flaw sizes. Thermal aging can significantly reduce fracture toughness and
ductility of LWR reactor components materials. The rate of thermal
embrittlement generally increases with increase in temperatures; however,
specific material compositions of various steels are factors in thermal
embrittlement.

thermally induced bending - This aging issue is principally (for this review)
associated with the pressurizer caused by high-and low-cycle thermal loads at
the water-steam interface in the vessel wall. (Thermally induced bending
stresses can be a factor at other locations).

thermally induced mechanical wear - This aging issue is principally (for this
review) associated with the heater failure in pressurizers caused by wearing
and thinning of the heater due to rubbing action with supports because of
thermal growth.

transient thermal and pressure loads - Transient or short thermal loads have
been identified (for this review) as the transients effecting the pressurizer
during heatups, cooldowns, testing, and abnormal events. For example,
transients can occur in a few seconds and cause temperature changes of 55°C
(100°F) in the surge-line nozzle.

tube specific - denting, fretting and crevices - These aging issues are SG
tube specific. Denting results from crevice corrosion of the tube support
plate and tubesheet materials; corrosion of carbon steel support plate and
tubesheet squeezes the tube outside diameter and can result in decrease of
thermal efficiency and cracking in the tube. Crevices provide areas for
localized corrosion due to stagnant solutions in l1ap joints, holes, welding
surfaces etc. Fretting in SGs results principally from wear action between
the tube and tube supports and antivibration bars.

vibration - Vibration is a broad aging issue that can cause degradation in
many of the components. Vibration by definition is any physical process
which produces cyclic variations or motion. It is an aging issue to the
extent that the vibration may cause failure or damage to a component.
Excessive vibration can damage components by wear and promote material
mechanical fatigue and pipe weld fatigue cracking. Vibration is a dynamic
action and is associated in this review primarily with piping systems and the
EDG. Dynamic loads are caused by response of the component to an oscillating
input, e.g., flowing water or a rotating equipment.
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wear - Wear usually results from the relative motion between two surfaces.
Wear is the removal of discrete particles of material from a solid surface by
the relative motion between that surface and one or more contacting surfaces.
Wear is accelerated by hard and abrasive particles or action of fluids
(erosion), vibration, or corrosive environments. The common result of wear
is the reduction of thickness or damage to the mating surfaces. Wear is of a
concern in rotating machinery, e.g., in pumps and EDGs and the other
equipment/parts, e.g., valves stems and seats, and other mechanism subject to
motion and vibration.

weldments - specific to dissimilar metals of safe ends - Weldments are formed
by the welding together an assembly of pieces such as pipe to nozzles. Safe-
end weldments have specific problems due to dissimilar metals. Among these
are low-cycle thermal and mechanical fatigue, and IGSCC in the heat affected
zone (HAZ) in the base metal.
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EXAMINATION, INSPEC-
TION AND SURVEIL-
LANCE (EIS)

Ceneral Notes:
1. A " indicates further study/irwestigation {s needed.

2. For the CSle, “resolvec™ mesns the generic safety fssue is resclved, not necesssrily the aging lssue.
3. for meaning of stbrevistions, scronyms, and Inftislisss, used throughout, see acronyss on page xi, xif, snd xiil of the report.

REG. INSTRUMENT
1B B

10 CFR 50 Appx.
A Criterion 32

10 CFR 50,
Appx. G (111

10 ¢Fr 50

Appx. G (V) -
5.

c.

10 CFr 50,
Appx. W

Tech Spec 4.0.5

Tech Spec
4.4.9.1.2

AGING FEATURES

The RPY should be de-
signed to permit in-
spections.

All inspection programs
as per the ASME codes.

Surveillance and/or
inservice axamination
for fracture toughness

Alternate criteria in-
volving 1S! per ASME
Section X1

Capsule sufvey program.

References ASME Section
XI.

Capsule Survey Program

REGULATORY INSTRUMENT REVIEW FOR REACTOR PRESSURE VESSEL

LIFE EXTENSION
FEATURES
CoLUN S

fepair,

Surveilisnce of
PV transient
tesperatures

CLRRENT INITIATIVES
coLumy 6

AGING WEEDS
coLuem 7

LIFE EXTENSION WEEDS
coLue §

COMMENTS
coLum 9

Appropriste measures
are being detfined
for plants where
inspections are
difficult.

Known to exist.

N/A: Design doesn‘'t
change over time,

Evaluate effects of age
on the material proper-
ties used in the cal-
culations (see ewbrit-
tiement issue).

Assessment of the with-
draval schedule and
nusber of samples may be
needed. Alternate test-
ing methods (i.e. mini-
sasples) should be
considered.

Advances in available
NOE techrology are
needed to detect shallow
flows of most interest
in vessel fracture
evaluations.

Testing sswple frequen-
cy. Alternste testing
methods (i.e. mini-
samples) shoutd be
cons idered,

RPVs need to be consid-
ered for acceptabil ity
if critical sreas are
not essily inspected.

Inspections mey need to
use different procedures
aimed st detecting
sging/degradation for
life evatuation includ-
ing irradiation and
fatigus failure modes.

Are new opersting limits
and inspection frequen-
cies neecled for life
extension? Inspection
criteria for irradiation
and fatigue failure
modes may be needed.

Assessment of the with-
drawel schedule and
rumber of samples may be
needed. Capsules sy
need to be reinserted or
pre-irradiated capsutes
may need to be inserted.
Arcweling effects need
investigation.

The uweliability of
detection/sfzing ftaus
because of cladding
effects should be ad-
dressed. Huwen factor
effects of WOE staff
shoutd also be
addressed.

Assessmant of acceler-
ated irradistion ef-
fects.

The pressure boundary should be designed to permit
inspections and appropriate material surveitlance
programs for the RPV. New 80ing related criteria may
meed to be written and referenced by this criterion.
Currently the plants are required to apply criterion
32 or meke a best effort to inspect the RPV,

Should reflect Life extension decisions and aging
research. Evidence for aging of RPY harcuware in-
cludes erosive degradation of thimble tubes. A need
exists for a new base line examination.

10 CFR S0 Appm G (IV) requirements sust be satisfied
prior to life extension. Requiresents for operation
is 10 CFR 50 Appx. G (1V) is not satisfied: Geltline
flaws examined as per ASME Section XI. Work is
needed to include life extension decisions and aging
research. Inspection exesptions will need to be
recorsidered for Life extension.

Mo meterisl survelllance program is required for
RoVs for which it can be demonstrated the peak
neutron fl t the_end of the design Life will
not exeeedwﬁ’ nlc‘z (E >} Mev). The capsule
program should be as per ASTM E-185. Capsule loca-
tions and withdrasal schedutes are required. Modifi-
cations to ASTM E-185 for capeule withdraual schems
for new fuel menagemant programs are in progress.
Simitar designed and operated reactors may use
integrated surveillance programs,

Current flaw detection systess are not 100X effec-
tive, Detection systems should be fmproved.

Accessibility to BWR PRVs {s a problem; remote
scanners are needed.

Exterd license 1f sufficient mergine exist.

-~ Reactor Pressure Vessel
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REG. TMSTRUMENT
CoLuMn 3

AGING FEATURES
SOLVMN &

(14] ElS (contd)
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(10)

[§)}]

(12)

13

[40}]

kP 3.9.2.1.4
SkP
5.2.1.2.11.2

SRP 5.2.4.11.4

SRP 5.3.1.1.3

S&P 5.3.1.1.6

SRP 5.3.1.11.6

SRP 5.3.1.111.6

kP 5.3.3 a1P
5-2a-

Inservice inspection code
case and RG appl icabil-
ity.

In service inspection
intervals.

Nondestructive examina:
tions (WOE)

Surveillance data collec-
tion over vessel life-
time.

Haterial Surveillance.

Flusnce calculation or
surveillance.

fracture toughness,
pressure, temperature,
and surveillance require-
ments.

LIFE EXTENSION
FEATURES
— UMY

NONE

R

CURRENT INITIATIVES

NONE

k

See note 1.

AGING NEEDS

Neod to verify that the
reference code cases
cover an adequate time
span for resctor opers-
tion,

Does inspection frequen-
cy need to be incressed
in the last ten yeor
interval? More exten-
sive examinations may be
needed.

?

Assessaent of the with-
draual schedute and
rusber of sasples mey be
nesded. Alternate test-
ing methods (i.e., mini-
samples) should be

cons idered.

Assessment of the with-
drawal schedule and
rusber of samples may be
needed. Alternate test-
ing methods (i.e. mini-
samples) should be

cons idered.

Assessment of the with-
draual schedule and
nuber of samples say be
needed. Alternate test:
ing methods (f.e. mini-
saaples) should be
considered.

hppeopriate regulatory
instrusents sust be
modified for aging.
Altemnate testing meth-
ods (i.e. mini-samples)
should be considered.
Review of circumteren:
tial welds and the
sffects of streaming are
also needed.

LIFE EXTENSION NEEDS
CoLf

should the SRP address
life extension?

New Life extersion
document that reflects
time greater than forty
years?

Should the SRP address
life extension?

Should the SkP address
Life extension?

Should the SRP address
lite extension?

should the SkP eddress
Life extension?

Should the SkP address
life extension?

COMMENTS
OO P

Testing during pre-opsrational and startup test
program; This section does not apply after the start
of plent operations.

Acceptable code cases for inservice inspection are
found in Reg. Guide 1.147. Code cases must be re-
viewsd every three years.

Required inspections must be perforsed on reactor
coolant pressure boundery ts during each
10-year interval of service as per ASME Section XI
1WA-2000, Option...impose inspection plan A.

Special methods for NOE other than those in ASHE
should be reviewed.

RPY surveillance must be performed to monitor
changes in fracture toughness properties.

No materfal surveillance program is required ihit
is sl that the fluence wilt be less than 10

[, (€ > 1 Mev). If this is not met, a surveil-
lance program is needed as per ASTM E185. Irra-
distion damage {3 3 less severe preblem for Bus
than for PuRs.

End-of -l ife fluence mut be less than the maximm or
surveitlance must be as per ASTM E185.

The BIP provides a summary of the requirements for
fracture toughness, pressure, tesperature, and
surveiLlance requiresents as stated in ASHE codes
and 10 CFR 50

-- Reactor Pressure Vessel
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REG. INSTRUMENY
. 1L

RG 1,150

RG 1,15

"6 1.34

RG 1.65

26 1.2

ASME Sec X1
1VA-2200
1WA~ 2300
1VA-2400

Gs1 29

1

6S1 M

est 111

AGING FEATURES

UT of APV welds.

In situ test for fatigue,

Trace elemant effects on
electroglag welde: resid-
usl elemants not con~
sidered.

WEAT for crack, ste. in
studs,

In situ teat for fatigus.

tdentifies the rules and
requirements for inspece
tion responsibilities,
accessibility, exwmine-
tion methods, personnel
quatifications freqency
and records. Rinimam
basis for ail require-
ments.

Cracking and degradation
of bolts and studs from
stress corrosion,
fatigue, boric acid
corrosion and erosion
corrosion.

Axisl temperature gradi-
ents that could cause
therwal stress in the
flange area or {n the
studs. Cycling over the
Life of the plant my
reduce fetigue mergin.

Major overpressure of the
®CS, In conbinetion with
the existence of flaws,
coutd resutt in a brittie
tailure of the RPV.

Stress corrosion cracking

LIFE EXTENSION
FEATURES
.. § S

Inservice inspece
tian 181)

i

st

CURRENT INITIATIVES AGING ¥EEDS LIPE EXTENSION NEEDS COMMENTS
CoLUMm 6 coune 7 COLLN 8 __SOLm 9
? Batter flew detection umen factors of WE WE of velds for crack initistion and grouth. New
systems are needed for should be evaluated, detection systems would constitute s mejor RED
distributed micro-flaws. 1{.e., flaws incorrectly  effort. {s 100X UT required for BWRs, to assess
sized should be svoided. under cladding crecks? Cracks mey propsgate from
clacki{ng into steel in the RPV.
NONE Needs regulatory posis Needs regulatory poef- Applies to pre-startup vibration tests. The Rg does
tion development. tion developmant, not corgfder fluence effects.
WOWE Assess effects of resid- Needs regulatory posi- Applies to pre-startup vibration tests. The RG does
ual elements. tion development. not comider flusnce effects.
NONE Revise RG 1.65 flevise RG 1.65 The documant allows for the monitoring of studs for
damsge with tiee.
NONE Needs requlatory posf- Heeds regulstory post- Applies to pre-startup vibration tests. Tha RG dowe

Sec X1 under review
for life extension
spplicability

tion development.

Alternate testing meth-
ods (§.e. mini-semples)
should be considered.

Does the inspection
frequancy or fraction
{nspected need 20 be
incressed for extended
Lite? 09 records need
to be minteined and
analyzed for trends of
repleced studs and
bolts?

Further analysis needed.

Further analysis needed,

Further snalysis needed,

tion development.
N/A

Further snelysis needed.

Further snetysis needed.

Furthet snaiysis needed

Further snalysis needed.

not consider fluance effects.

Appliss to the pressure retaining components only.
The only Life extension applicstion {a the desion,
fabricetion, irstatllstion and inspection of replace-
ment conponents. Specific requirements are found in
ASHE Sec X1 1W8-2300.

Boiting degradation or failure in ruclear power

ptants

s Priority - HIGR

+ Proposed inspecting 10X of bolts each outage,
extending sn outege 1.5 deys.

. T::l issus is broeder then studs and bolts for
the PRV.

Unsnalyzed RPY thermal stress during ratural convec-
tion cooldown
+ Priority -~ MEDIUM

Mdditionel Low tempereture overpressure protection
for LRs
* Priority -~ HIGH

Stress corrosion ¢racking of pressurs boundery
ferritic stesis in selected envirorments

* Priority -- LON

* Clasaified as Licensing lssue

== Reactor Presgure Vessel
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IRRADIATION EMBRIT-
TLEMENT, FRACTURE
TOUGHNESS CIEFT)

REG. INSTRUMENT
—cotem 3

GSI A-N

GSI A-26

St A-49

GSI 8-6

Gs1 c-12

10 CFR 50.55a

10 CFR 50.60

10 CFR 50.61

AGING FEATURES

As plants accumulate
increasing service time,
neutron irradiation
reduces the material
fracturs toughness and
initial marging of safe-
ty.

Toughness at low tempera-
ture

Neutron irrsdiation of
the reactor pressure
vessel weld and plate
materials decreases the
fracture toughness of the
materials.

Through wall cracks and
fatigue crack growth

Structural damage by
vibrations of sufficient
wmagnitude, Fretting due
to deficient design and
msterial selection for
anti-vibration bars.
Fatigue failure, particu-
tsrly at nozzies where
stresses are highest.

System and component
designs shall meet ASME
caquiremsnts.

Acceptable criteria for
fracture prevention.

fracturs toughness re-
quirements to protect
againet PTS

LIFE EXTENSION
FEATURES

CURRENT INITIATIVES
e

MNOME

See note 1.

AGING NEEDS

Monitor snd analyze
trende of Nil-Ductitity
tesperature

Further analysis needed.

Monitor and analyze
trends of Mil-Ductility
tesperature,

Further analysis needed.

Further analysis needed.

Reference documents need
to reflect aging.

Reference documents need
to reflect aging.

Inpact of aging an
incressed risk for PTS-
related event occurrence
needs to be addressed.

LIFE EXTENSION MEEDS

COMMENTS

Further anslysis neoded.

Further analysis needed,

further analysis is
needed to determine what
fspact Life extension
will have on the
brittiensss of RPV
materials.

Further analysis needed.

Further snalysis needed.

Related documents need
to be reviewed for life
extension.

New document section mey
be needed to address
life extersion.

PTS needs to be better
understood for the plant
conditions that would
exist aftec Lifa exten-
sion.

Reactor vessel materials toughness

¢ Priority -- RESOLVED with issuance of NUREG-0744
and Generic Latter 82-66

= See A-49 for a related discussion.

Reactor Pressure Vessel

Reactor Pressure Vessel Transient

« Priority -- RESOLVED with publication of
NUREG-0224 and SRP 5.2

o Mmerous reported pressure transients in PuRs
where TS pressure and temperature Limits were
exceoded. Majority at sotid water condition of
startup or shutdown and relstively louw reactor
temperaturs. Less toughness at low tesperature,
therefors more susceptible to brittle fracture,

Pressurized Thermsl Shock (PT$)

+ fesolution for aging will be affected by licensee
actions that inctude annwaling and fuel manage-
ment practices to reduce flux st reactor pressure
vessel.

Loada, Load cosbinations, stress Limits
« Priority -- NIGN
« See NUREG-2600 Sup!

Primary systes vibrations
+ Priority -- RESOLVED

ASME requiresents must be met throughout the operat-
ing Life. ASHE Section X1 is currently under review
for LR spplicabitity.

References 10 CFR 50 Appx. G and H.

Provides fracture toughness requirements for protec-
tion against pressurized thermal shock. Catculation
of AT, nry for the RPY and the overlay clad irradia-
tion . Requirements may need to be changed to
refiect potential new failure modes caused by ir-
radiation damage. A need exists for the isprovement
of seaningful fles populstion data and for identify-
ing the influence this data has on probabilistic
fracture anslysis.

-- Reactor Pressure Vessel
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REG. INSTRUMENT
CoLumN

10 CFR 50,

Appx. A Cri-
terion 31.

10 CFR 50,
Appx. 6

10 €FR 50,
Appx. G (111)

10 CFr 50,
Appx. 6 (IV)

10 CFR 50,
Appx. G (V) (B)

10 cFR 50,

Tech Spec
3/4.4.9

LIFE EXTENSION

AGING FEATURES FEATURES
coLm & coLum S
Design Margin specifica- NONE
tions.
Fracture toughness re- NONE
quirements for ferritic
steels referenced to ASME
Section 111 codes.
Fracture toughness re- NONE
quirements as per the
ASME codes. ALl inspec-
tion progrems as per the
ASME codes.
Fracture toughness re- NONE
quirements,
Inservice exmmination NONE
requirements,
Capsule survey program. NONE
P/T Curve Adjustments Avnealing, re-
placement

CLRRENT INITIATIVES
—coum §

AGING NEEDS
coua 7

LIFE EXTENSION NEEDS
CoLUMN 8

COMMENTS
QoL 9

Are margins cquantitied
as a function of expos:
ure or are they based

only on initial design?

Enhanced WOE of vessel
may be needed,

Inspection scope way
need to be increased.

Review of frequency of
assessments of RPV K,
tocation on q:ptrm“
and uppershelf toughness
reduction.

Evaluate effects of age
on the materials proper-
ties used in the calcu-
lations,

Assessment of the with-
draval schedute and
rumber of samples mey be
needed. Alternate test-
ing methods ({.e. mini-
samples) should be

cons idered.

Extend radiation damege
curve to higher fluen-
ces.

Evaluntion of ASME
Section Xi, Appx. A for
sergins for extended
duty; comparison to
refurbishment activitfes
such as amealing.

Effect of amesling on
fracture toughness and
crack tip geometries
(micro-damage modifica-
tion by diffusional
mechanisms during an-
nealing).

Inspections may need to
use different

aimed st detecting
aging/degradation for
life extension inctuding
irradiation and fatigue
failure modes.

Need to determine ef-
fects of snnealing.

Are new operating limits
and inspection frequen-
cies needed for Life
extension? Inspection
criteria for irradiation
ard fatigue failure
modes may be needed.

Assessmant of the with-
drawml schedute ard
nurber of samples msy be
nesded, Annesting ef-
fects need investigs-
tion.

Need to determing the
effects of annealing.

The pressure boundary should be designed with suffi-
clent margin to prevent brittie fracture and rapid
propegation of fractures. The design reflects mater-
ial properties, effects of {rradiation, the size of
flaws, and the stresses that sre experienced. This
section does not spply after the start of plant
operations.

Should reflect life extension decisfon and sging
research. Assumes the flaws of ASME Section XI,
Appercix A.

should reflect Life extermion decisions and aging
resesrch. Evidence for aging of RPV hardvars in-
cludes erosive degradation of thiwble tubes.

Inctudes Charpy uppsr shelf energy restrictions, and
tesperature limitetions for operations and tests.
Assumes the flaws of ASME Section XI, Appendix A.
Requirements may need to be changed to reflect
potentfal new failure modes ceused by frradiation
dawage, fatigue, erosion, ete.

10 CFR 50 Appx G (IV) requirements must be satisfied
prior to life extension. Requirements for operation
1f 10 CFR 50 Appx. & (IV) is not satisfied: Beltline
flaus examined as per ASME Section XI; evidence of
fracture toughness from tests; existence of suffi-
cient safety margins. Work is needed to include Life
extersion decisions and aging research. Inspection
exemptions will need to be reconsidered for life
extens fon,

No meterial surveftliance program {s required for
RPVs for which it cen be demonstrated the pesk
neutron fl at the erd of the design Life will
ot exceed 10°" n/cm® (E > 1 Mev). The capsule
program should be se per ASTM E-185. Capsule locs-
tions and withdrawal schedules are required. Modifi-
cations to ASTM E-185 for cspsule withdrawsl scheme
for new fuel management programs are in progress.
Similar designed snd operated reactors mey use
integrated surveil lance programs.

Trend datas to project shen flux recxtions are
needed

=+ Resctor Pressure Vessel
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1SS REG. INSTRUMENT AGING FEATURES
F COLUm 3 COLUNN &
IEFT (contd) Tech Spec Capsule Survey Program
4.4.9.1.2

SRP 5.3.1.1.1

SRP 5.3.1.1.3

SRP 5.3.1.1.5

SRP 5.3.1.1.6

SRP 5.3.1.11.6

SRP 5.3.1.111.6

Materisl irradiation
resistance.

Nordestructive examina-
tions,

Fracture toughness calcu-
latien,

Data collection over
vessel lifetime,

Material Surveillence.

Fluence calculation or
survei Llance,

LIFE EXVENSION
FEATURES

Fuel Management

CURRENT INITIATIVES
COLLMM 6

AGING NEEDS
oLy 7

LIFE EXTENSION MEEDS
Ca 8

COMMENTS

QoL 9

Testing saaple frequen-
cy. Alternate testing
methods (1.e., mini-
sanples) should be
considered.

Need to assess if design
data bases are suffi-
ciently conplete with
respect to fluence,

Alternate testing meth-
ods (i.e., mini-semples)
should be considered.

Hany of the vessels with
low upper-shelf weld
problems are ring forged
vessels. Present compu-
tational methoeds are
besed on sxis-symmtric
(2-0) analysis. The
effects of streaming are
thought to be poten-
tially significant and
this mey require & 3-D
analysis model with
appropriate streaming
simiistion. Caiculas-
tional methods are
starciard regardiess of
waterial.

Record keeping.

Assessment of the with-
drawal schedule and
nuober of sanples may be
nesded. Alternate test-
ing mathods (f.e. mini-
samples) should be
comidered,

Assessment of the with-
drawsl schedule and
nrber of sasmpies may be
needed. Alternate teste
ing methods (i.e. wini-
samples) should be
conaidered.

Accelerated Irr. of-
fects.

Should the SRP address
tife extension?

Should the SRP address
life extension?

Minor revisfon of exist-
ing document is needed
to reflect the swareness
of materisl property
degradations. A data
base reference for aged,
arnesled meterisls is
needed, or the expected
results should be
standardizea.

Should the SRP address
life extersion?

Should the SRP address
life extersion?

Should the SRP address
Life extersion?

Extend license it sufficient mergine exist.

Oeals with the initiel design choice of meterials.
Adequacy for use of saterials is to be assessed on
the basis of mechanical and physicsl properties,
effects of {rradistion, corrosion resistance, and
fabricability. This section does not apply after the

start of plent operstions,

Specisl methods for NDE other than those in ASME

should be reviewed.

Fracture toughness tests must be performed on sil

ferritic tests

fracture iy is

characterized by & reference temperature,

RPV surveillance must be performed to monitor
changes in frecture toughness properties.

No material surveillance program is required ‘17|t
is that the fluence will be Less than 10

n (E > 1 Mev). If this {s not met, a surveil-
lance program is neeced as per ASTM E18S,

End-of-life flusnce must be less than the suximm or
surveillance must be as per ASTM E185.

=« Reactor Pressure Vessel
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REG, INSTRUMENT
oL 3

AGING FEATURES
covum &

SRP BTP-MTES
5-2 A

RG 1,154

RG 1.99 Rev, 2

ASME Sec 11]
3-2160
¥a-2331
NB-3124

ASHE Sec 161
Appx. G-2000

ASME Sec XI
Appt. Al

Fracture toughness,
pressure, tesperatwre,
and surveitlance require-
ments.

In situ test for fatigue.

Fluence/chemistry factors
for transition tempers-
ture shift.

Identifies the physics-
dosimetry requirements
for PV fluence calcula-
tions. Recommendations
are besed on current
incustry practice and
state-of -the art doaime-
try methods,

Wt shift.

Protection against non-
ductile vessel failure.

Analysis methods for
fracture toughness and
frradiation affects.

LIFE EXTENSION
FEATURES

Licensee RT
Anslyses prs

None, except for
original design
considerations.

CURRENT INITIATIVES AGING NEEDS LIFE EXTENSION NEEDS COMMENTS
oL 6 oot coLum § COLUMN 9
NONE Appropriste regulatory Should the SRP address Sumsary of the requirements for fracture toughness,

instruments sust be
wodified for aging.
Alternate testing meth-
ods (i.e. sini-samples)
should be considered.

NONE Needs regutatory posi-
tion development.

NOWE tesd to account for
phosphorous with low
copper.,

Under review for
generat applica-
bility.

Appropriste development
of any new stendards.

Section under review N/A
for Llife extension
applicability.

Section under review W/A
for Life extenaion
spplicebitity

Section under review N/A
for Llife extersion
applicability. There

is & yot unnuebered

RG for physics

dosimetry that will

relate to this

section

life extermion?

Needs regulatory posi-
tion development.

Irradiation series to
fluences appropriate for
lite extension. Revision

to 8G for BWR P/T
curves.

Assessment of needs for
sy nes standards.

N/A

N/A

n/A

pressure, temperature, and surveillance requirements
a3 stated in ASME and 10 CFR 50.

Applies to pre-startup vibration tests. The RG does
not consider fluence effects.

Conservative prediction of NOT shift as & function
of fluence and atlloy content. May constitute a
penalty for BWR P/T curve restriction on RPVs. There
is a revision of ASTW E-900 in progress, There is
also 8 yet urmumbered RG for physics dosimetry.
irradistion effects and fracture toughness informe-
tion for base metal welds and clads to high fluences
needs to be evalusted.

This is a new regut Y guide. The and
assumptions presented in this guide wilt provide an
acceptable approach for determining pressure vessel
damage (>1 Mev) fluences for input to the RTpys
prescription given fn 10 CFR 50.61.

The code {s based on fossil fuel experience and does
not include fluence-caused problems. This section
does not apply after the start of plant operations.

This appendix is non-mendatory. Contains procedures
for obtaining allowable loadings for fercitic pres-
sure retaining materiats. Methods for calculating
critical stress intensity factors, allowable pres-
sures, and shell and head service Limits are given.
Nozzles, flanges and shell regions are considered.
Service limits and hydrostatic test tesperature
timits are given. Requirements may need to be
changed to reflect potential new failure modes
caused by irradistion demsge. A7)y, margins are
being re-evaluated for RPV hydrotest.

This sppendix is non-mandetory. It contains pro-
cedures for sccepting flaws that exceed 1V8-3500
stendards. Includes rules and equations for fracture
toughness determinetion, fatigue crack growth rate
snalysis, end calculstion of irradiation effects on
RTygnp for the RPV. It also includes crack growth
rng curves. Requirements msy need to be changed to
reflect potential new failure modes caused by ir-
radiation damege.

-- Reactor Pressure Vessel
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COMPONENT
LOUMK Y

{54)

(55)

(563

[£14]

(58)

(39)

L1ed
(L]

1)

(62)

Issue
— g

1EFT (contd)

FATIGE

REG. INSTRUMENT
— oL 3

ASME Sec X1
Appx. G

GSt 9%

est A-11

GS1 A-26

USI A-49

GSI B-6

Tech Spec
4.4.9.1.2

$RP 3.9.1

SRP
5.2.1.2.11.2

AGING FEATURES
COLUMN &

LIFE EXTENSION
FEATURES
COULMN §

Frecture toughness crite-
ris. See comments.

Major overpressure of the
RCS, {f combined with
critical size crack,
could result in 8 brittle
fsilure of the resctor
vessel.

As plants sccumulste more
and ore service time,
neutron irradiation
reduces the materisl
fracture toughness and
initisl marging of
safety.

Toughness at low tempara-
ture

Neutron frradiation of
the reactor pressure
vessel weld and plate
materials decresses
fracture toughness of
materials

Through well eracks and
fatigue creck growth

Cyelic loadings, P/T
records.

Trensient induced
fatigue. Perform fatigue
snalysis in design stage.

Inservice inspection code
case snd RG spplicabil-
ity.

Analysis, thermsl
barriers.

HONE

CURRENT INITIATIVES

Section under review
for Life extension
spplicability.

NONE

HONE

NONE

NONE

NONE

AGING NEEDS
I

LIFE EXTENSION NEEDS
COLUMN 8

COMENTS
COLw 9

A need exists to con-
sider any specisl re-
quirements for flaws in
circumferentisl welds.

Further snalysis needed.

Further snalysis needed.

Further analysis needed,

Further snalysis needed.

Further snslysis needed.

Actuat loading snelysis.

N/A

Mequate time for the
use of code cases...Code
cases axpire or sre
revieved every three
yesrs.

N/A

further analysis needed.

Further snalysis needed,

Further analysis reeded

Further aralysis needed.

Further snelysis needed.

Evaluate cycle Limits.

Should the SRP address
Life extersion?

NONE

This appendix is non-mendstory. Fracture toughness
eriteris for protection sgainst failure. For ex-
wple, Ry, marging are being re-eveluated for RPV
hydrotest. ;roccd:rn for obteining allowsble Losd-
ings for ferritic pressure retsining materisls.
Calculation of stress intensity factors. Allowsble
pressure equations that can also be used for noz-
zles, flanges and shell regions. Service limits and
hydrostatic test tesperatuce requiresents specified.
Solting requirements to prevent failure.

Additfonal low tempersture overpressure protection
for LiRs
« Priority -~ WIGH

Resctor vessel meteriais toughness

* Priority ~- RESOLVED with issuance of NUREG-0744
and Generie Letter 82-66

* See A-49 for & related discussion.

Reactor Pressure Vessel Transient

* Prierity -- RESOLVED with publication of
MNUREG-0224 and SRP 5.2

* Numerous feported pressure transients fn Puts
where TS pressure end tenperaturs limits were
exceeded. Msjority at solid water cordition of
startup or shutdown and relatively low reector
tempereture. Less toughness st low terperature,
therefore more susceptible to drittle fracture.

Pressurized Thermal Shock

» For Life extension analysis for resolution of GSI
should acdress licenses sctions such as annealing
and fusl managemant.

Loads, load conbinations, stress limits
» Priority <= MIGH
* See WUREG-2800 Sup!

Reanalysis recommended to determine ff cycle Limits
can be extended, Thermal barrier resesrch needed.
SRP guides Initisl design. This section does not
spply after plant startup.

Acceptable code cases for inservice inspection sre
found in Reg. Guide 1,147,

=+ Resctor Pressure Vessel
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COMPONENT

coLum 1

(63)

(6h)

(65)

(68)

[{15]

(68)

(¢

(34}

(72)

ISSUE
—cotum 2

REG. INSTRUMENT
CoLUMY 3

AGING FEATURES
_CoLm &

Fatigue (contd)

R 1.2

ASME Sec 111
8-3000
N8-3222.4

GS! 29

Gs1 ™

GSI 9%

US1 A-49

Gs! 8-6

GsI ¢-12

In situ test for fatigue.

Prediction of cycles.

Thersal and pressure
cycles. Design and analy:
sis.

Cracking and degradation
of bolts and studs from
stress corrosion,
fatigue, and boric acid
corrogion.

Axial temperature gradi-
ants that could cause
therma( stress in the
flange area or in the
studs, Cycling over the
life of the plant say
reduce fatigue margin or
usage factor

Najor overpressure of the
RCS, 1f cowbined with
critical size creck,
could result in a brittle
failure of the reactor
vessel

Neutron {rcadiation of
the reactor pressure
vessel weld and plate
materials decrsases the
fracture toughress of the
materials.

Through well cracks and
fatigue crack growth

Structural damage by
vibrations of sufficient
magnitude. Fretting due
to deficient design and
material selection for
anti-vibration bers.
Fatigus failure, perticu-
larly at the nozzle where
streszes are highest.

LIFE EXTENSION
FEATURES

§

None, except for
original design.

MONE

CURRENT IWITIATIVES
— N

AGING WEEDS
DL 7

LIFE EXTENSION MEEDS
oL §

COMMENTS

Section under review
for {ife extension
applicabitity.

feeds reguiatory posi-
tion development.

Needs revision; no
enforcement capebility.

N/A

Does the inspection
frequency or fraction
inspected need to be
increased for extended
lite,

Further analysis needed.

Further analysis needed.

further analysis needed.

further anslysis nesded.

Further snalysis needed.

Needs reguistory posi-
tion development.

Oocumentation of the
actual service history
needed.

WA

Further snatysis needed.

Further analysis needed.

Further snelysis needed.

Further snelysis needed.

Further analysis needed.

Further snalysis needed.

Applies to pre-startup vibration tests. The RG does
not consider fluence effects.

Design loads are not the same a3 actusl. Weed to
account A, B, C, D, loads throughout (ife.

Plants now operating need to start conting and
documenting the cyclic history of each plant so
cosparisons can be made to assumed design cycles
following the design code. This section does not
aply after the start of plant operations.

8olting degradation or failure in nuclear power

plants .

« Priority - NIGH

« Proposed inspecting 10X of bolts each cutage,
extending an outage 1.5 days.

Unanalyzed reactor vessal thermal stress during
natural convection cooldoun
« Priority -- MEDIUM

Reactor Pressure Vessel Transient

» Priority -- RESOLVED with publication of
MIREG-0224 and SRP 5.2

+ Bumsrous reported pressure transients in PuRs
shere TS pressurs and tewpersture Limits were
exceeded. Majority st solid weter cordition of
startup or shutdown and relatively low resctor
tesparature. Less toughness at low temparature,
therefore more susceptible to brittle fracture.

Pressurized Thermal Shack

toads, Load combinations, stress limits
+ Priority -- NIGH
» See NUREG-2800 $up)

Primary system vibrations
» Priority -- RESOLVED

++ Reactor Pressure Vessel




ARS !

COMPONENT
COLUMN 1

RPV
(73)

(74)
(75)

(78)

n

RPY
78

[¥42]

(80)

LOW FLUX, LONG THME
IRRADIATION OF
VESSEL AND EXTERNAL
SUPPORTS

(Wot used)

CRACK INLTIATION,
STUD FAILURE, FLAW
PROPAGATION (CISF)

REG. INSTRUMENT
— COLUW 5

Gs1 A-11

GS1 A-28

GS| A-49

Tech Spec 4.0.5

Tech Spec
374.4.10

PP 4.5.2,
. 4

LIFE EXTENSION

AGING FEATURES FEATURES
4

As plants accumulate more  NONE
and aore service time,

neutron irradiation

reduces the material

fracture toughness and

initial margins of

safety.

Toughness at low tewpers-  NOKE
tuce

Neutron irradiation of NONE
the reactor pressure

vessel weld and plate

materials decreases the
fracture toughness of the
materials.

References ASHE Section

Xt.

Repair,

References ASNE Section Data retention.
Xl Replacement.

Envirormental control MONE

CURRENT INITIATIVES
— X

AGING NEEDS
SOLLWN 7

LIFE EXTENSION NEEDS
COLLmN 8

COEnTS
_COLUv 9

Time-temperature effects
not understood,

further analysis needed.

Further analysis needed,

Fluence effects not
fully documented,

N/A; Limited to febrica-
tion

Unknown st this time.

Further analysis needed.

Further analysis needed.

Further analysis needed.

Humen factors of WDE
should be evalusted;
nissed flaws or incor-
rectly sized should be
avoided. Inspection
criteria for new, ir-
radiation induced fail-
ure modes that may occur
may be needed.

Documentation for data
enalysis needed in lieu
ot a replecement policy.

Should the SRP sddress
tife extension?

There are ACRS letters identifying the issue, The
NRC is beginning to research the issue. There is
evidence of larger RTuyy shifts in BWR PRVS than
previously expected. W is not yet known whether low
flux conditions are significant contributions to the
shifts,

Reactor vessel materisls toughness

» Priority -- RESOLVED with issuance of NUREG-0744
and Generic Letter 82-86

« See A-49 for a related discussion.

PRV transients

» Priority -- RESOLVED with publication of NUREG-
0224 and SRP 5.2

« Numerous reported pressure transients in PWRs
where TS pressure and temperature limits were
exceeded. Majority at solid water condition of
startup or shutdown and relatively low reactor
teaperature. Less toughness at low temperatures,
therefore more susceptible to brittle fracture.

Pressurized Thermol Shock

Current flaw detection systess sre not 100X &ffec-
tive. Datection systems mey need to be improved.

Bolt torque data may be collected and stress cycle
analysis performed to justify Life extension.

Envirommental conditions must be controlled during
fabrication of austenitic stainless steels 1o reducw
the possibility of sensitization and microfissuring.
This section does not epply after the start of plant
operations.

== Reactor Pressure vessel
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COMPONENT
cotum 1

(81)

)

(83)

(84)

85

(€]

(a7

(88)

(89)

(90)

ISSUE

—couwmg

CISF (cantd)

REG. [NSTRUMENT
coLm 3

AGING FEATURES
COLLMN &

SRP
s.2.1.2.11.2

seP 5.3.1.1.3

RG 1.150

#G 1.65
ASKE Sec 111

w8-5000

ASME Sec Xi
TUA-3300
1VA-3400

Gs! 79

GSl 9%

6s1 111

Inservice inspection code
case and RG appl icabil-
ity.

Nordestructive examine-
tions

UT of RPV welds,

WDE/UT for crack, etc. in
studs.

Acceptable flews and
berchmarking indications
covered,

Acceptable flaws and
benchmarking indications
covered.

Cracking and degradation
of bolts and studs from
stress corrosion,
fatigue, boric ecid
corrosion and erosion
corrosion,

Axial tempersture gradi-
ents that could cause
thermal stress in the
flange ares or in the
studs. Cycling over the
Life of the plant may
reduce fatigue margin or
usage factor

Major overpressure of the
#CS, if combined with
criticat size crack,
could result in a brittle
failure of the resctor
vessel .

Stress corrosion cracking

LIFE EXTENSION

FEATURES CURRENT INITIATIVES AGING NEEDS LIFE EXTENSION NEEDS COMMENTS
COLUMN S COLLMN & ool 7 coLuM 9
NONE NONE Need to verify that the NONE MRC accepted code cases for ISI are found in
reference cods cases RG 1.147
cover an adequate time
span for reactor opera-
tion.
MONE NONE ? Should the SRP address Special methods for NOE other than those in ASME
life extension? should be reviewed,
+ Monitoring ? Better flaw detection NOE human factors meth- WE of welds for crack initiation and growth.
systems are needed for ods need evaluation for
distributed micro-flaws  missed flaus or incor-
rectly sized flaus,
Inspection criteris for
new failure modes may be
needed.
18t NONE Revise RG 1.465 Revise RG 1.65 1S1 of studs for damage with time. Updating of
RG 1.65 s recommended.
Adequately covers Section under review N/A N/A Flaws detected and benchmarked in Section 111, and
acceptable flaus for Life extension monitored and repaired by Section X1 rutes. This
and berchmarking applicability. section does not apply after the start of plant
indications. operations.
Inspection and Section under review N/A N/A Research or code work needed on the safety and risk
woni toring. for Life extension improvement of irspection sethods and time periods
applicability. vhen the original design period is exceeded. Accept-
able methods of establishing such guidelines and
practices are needed.
HONE NONE Does the inspection Further analysis needed. Bolting degradation or failure in nuclear power
frequency or fraction plants
inspected need to be « Priority - HIGH
increased for extended » Proposed inspecting 10X of bolts each outage,
Llife? extending an outage 1.5 days.
NONE NONE Further analysis needed. Further snalysis needed, Unanalyzed reactor vessel thermal stress during
natural convection cooldown
« Priority -- MEDIM
HOME NONE Further analysis needed. Further anelysis needed. Additional low tesperature overpressure protection
for LURs
¢ Priority -+~ HIGH
HONE NONE further snalysis needed, Further snalysis needed. Stress corrosion cracking of pressure boundery

ferritic steels in selected envirorments
* Priority -- LOW
» Classified a8 Licensing lssue

-- Reactor Pressure Vessel
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COMPOMENT
o 1

)

92)

RPY
(93)

(9%4)

(95)

(96)

[$75)

(98)

(")

€100)

[31)]

1SSUE REG. (MSTRUMENT
(L

——a 2 LoL

AGING FEATURES
COLLM &

CISF (contd) GSI B-6

GSl C-12

CORROS [ON

Tech
3/4.4.7

SRP 4.5.2.1.2
SRP 4.5.2.11.4

SkP
5.2.1.2.01.2

SRP 5.2.4.11.4

SRP 5.3.1.1.1

SRP 5.3.1.1.2

sap 5.3.1.1.3

Through well cracks and
fatigue crack grouth

Structural damege by
vibrations of sufticient
magnitude. Fretting due
to deficient design and
material selection for
anti-vibration bars.
Fatigue failure, particu-
larly at the nozzle where
stresses are highest.

Chemistry controt

NONE

Inservice inspection code
case ond RG applicability

In service inspection
intervals

Material corrosion resie-
tance.

Nondestructive examine-
tions

LIFE EXTENSION

FEATURES CURRENT INITIATIVES AGING NEEDS LIFE EXTENSION MEEDS CONMENTS

AT, B EE— - 1. COLUMS 7 [=X0. N ] oLy 9

NONE NONE further analysis needed. Further anelysis nesded. Loads, load cosbinations, stress limits
« Priority -- NIGN
+ See MUREG-2800 Supi®**

NOMNE NONE Further analysis needed. Further analysis needed, Primary system vibrations
o Priority -- RESOLVED
This may be minor issue in RPVs. There is no evi-
dence of internal problems. Leaks from externsl
sources have caused corrading on the external sur-
face.

wA NOME HONE N/A Mdecpmte programs exist for RCS cheamistry controt.

NOKE NONE /A New life axtension Process controls are needed during manufacture and

document needed beyond construction in order to lessen the likelihood of
40 years SCC. This section does not apply after the start of
plant operstions.

NOKE NORE Update/modify the ap- Should the SRP adkiress Acceptance criteria for austenitic stainiess steels
propriate regulatory life extansion? referenced to RG 1.44 and 1.31.
instruments.

NOWE NONE Determine the sdequacy NONE NRC accepted code cases are found in RG [.W47.
of the thres yesr time
interval for code cases
as related to 151,

NOWE NONE Does inspection interval New Life extension Required inspection on the APV e boundary
period need to be de- document that reflects during each 10 year intervel of sarvice is psr fec
creased in the lest ten  time greater than forty  XI 1WA-2000, Question 1s...should inspection Program
yesr interval? years? 8 be used?

NONE NONE Need assessment of New Life extension Adecquacy for use of meterials is to be assessed on
changes in the proper- guidence needed beyond the basis of mechanical and physical properties,
ties and the corcosive &40 years. affects of trrediation, corrosion resistance, and
anvirorment 8¢ 8 funce fabricability. This section doss not apply after the
tion of time/fluencea. start of plant operations.

NOME NONE “N/A Wew Life extension The etfects of special fsbrication processes on

guidence needed beyond stress corroslon cheracteristics mut be evaluated.
40 yewrs. This section doss not apply after the start of plant
operations.

NONE NONE ? New Life extension Special methods for NDE other than those in ASME

documant needed?

should be reviewed.

+= Reactor Pressure Vessel
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COMPONENT
- 0T B

0

(103)

€104)

€105)

€106)

107y

€108)

€109)

1SSUE
—tom 2z

CORROSION (contd)

REG, INSTRUMENT
—Coum3

sof 5.3.1.1.7

SRP 5.3.1.111.2

s 5.3.1.111.4

ASHE Sec 111

N8-2160
wB-3121

ASME Sec X1
1WA-2200
TWA-2300
1WA 2400

Gs1 29

et m

asi c-12

AGING FEATURES

Corrosion allowences are
provided.

Identifies the rules and
requirements for inspac-
tion resporsibilities,
sccessibility, examine-
tion methods, persorvwl
quliticatiors frequency
and records, Minimm
basis for all require-
mants.

Cracking and degradation
of botts and atuds from
stress corrosion,
fatigue, boric acid
corrosion and erosjon
corrosfon,

Stress corrosion cracking

Structural damege by
vibrations of sufticient
magnitude, Fretting due
to deficient design end
wmaterial selection for
anti-vibration bers.
Fatigus failure, partic-
ulsrly at the nozzie
shere stresses are high-
est,

LIFE EXTENSION
FEATURES

HONE

CURRENT INITIATIVES
—ee s

Section under review
for Life exterwion
sppticabitity.

Section X under
review for spplice-
bility

AGING NEEDS

N/A

wa

L71)

N/A

Does the inspection

frequency or fraction

inspected need to be

:v'\:r-u-d for extercied
o,

Further sralysis needed.

LIFR EXTENSION WEEDS
coum §

COMMENTS
COL 9

New Life extersion
guidance needed beyond
40 yoars.

A design valustion of the mterisls properties of
the resctor vessel feateners fs parformed to ensure
resistance to $CC. This section does not apply after
the start of plant operations.

- ing pr sre reviewed for
effects on strees corrosion crackimg. This section
does not epply after the start of plant operstions.

fal pr wsed on ferritic and austenitic

Further analysis nesded,

further amiysis needed.

Further snelysis needed.

stainless steels mut be verified to conform to

iate controls to avoid contaminetion and
sensitization that can incresse the possibitity of
SCC. This section does not apply after the start of
plant operstions.

Intended to cover design, construction and accept-
ance testing of the pressure retaining components.
The scope should be retained, It does not address
aging or tife extension. This section does not apply
atter the start of plant operations.

Applies to the pressure retaining companents only.
The only (ife extensfon application is the design,
fobrication, instslistion snd inspection of replace-
sent components. The scops of inspections may need
to be brosdernd to cover arees that were not previ-
ousty considered. Atl high stress arees need to be
idered. $hould be expended to cover vieusl
exsminetion of the RPY exterior for corrosion.

Balting degradstion or failure in nuclesr power

plants

« Priority - NiGH

+ Proposed inspecting 10% of bolts each outage,
extending en outage 1.5 days.

Stress corrosion crecking of pressure bouncery
ferritic steels in selected enviroments

+ Priocity -~ LOW

o Classified oe Licensing Issue

Primery system vibrations
« Priority -- RESOLVED

=« Reactor Pressure Vessel




APPENDIX III

REGULATORY INSTRUMENT REVIEW FOR STEAM GENERATOR



Steam outlet

Understanding and managing aging

Steam soparators

T°111

of PWR steam generator tubes Downcomer
Tube support
piste (top view)
Msterials Tubes - Inconet 800 or 690 Flow siots
Tube Sheet « SA 508 clad with Ni-Cr-Fe alloy
(squivalent to S8 168) Hosrglassing
Tube Supports - SA 285 Gr. C Ferritic SS Type 405 ow #lof
or 409
Steeves - Inconel 625 or nicket bonded on oUtsde st sorort
surface of inconel 600 or 690 plate ('"W!W’)
Plugs - Inconel 600 Tube support
Stesm Recircul - Wi ph Combustion Eng! ing hole
Generstor Once-Through - Babcock & Wilcox Flowhole
Types
Residusl Lart ety R Support plste
Stressors Resid 8, primary - Y (primarily eracking
and ) HIARTY COOTN ¢ 4 Thinning =
Environment hiorides, axygen, copper, ), phosp v, Crackl
resin § d pofisher, water, "9 o~ .
lcmpcmun. M-lndueod vibrations, flow-velocities, and Primary Iintet Primary outlet
operating translents A g stesm ¢
with Indicsted problem sress OnceThrough steam generstor
with Indicated problem aress
Understanding Aging
(Materials, Stressors, and Managing Aging
Environmental interactions)

Types Sites Aging Concerns inservice Inspection, Survelllance, and Monitoring Mitigation
Recirculating | U-bends, roll transition, and PWSCC (Pure water SCC) NRC R Recommendations Prevent transient conditions in secondary|
inside dented regions Tubes with low mill _— water chemistry, install flters between
Surface P are more Volumetric examinstion of hot Follow Stesm Genorator condensate polishers and stesm

Tube plugs susceptible leg aide, t-bend portlon, and Owners Groups' guidelines for generators. Use ulrafilirstion of makeup
) cold leg side ot continuous monitoring and water and ge oe
Racircutsting | Hot-leg tubes In tube-to- 1GSCC, 1GA tubes In nclrcumlnq steam control of secondary water quickly ss poulblo
Outside tubesheet crevice region generstors (IWB-2500) chemistry Use shot ing and rot ing to
Surface h P 9 peening
Volumetric exsmination of the Reduce uncerteintiss in <
entire length of tubing In inspection results and m:‘m"% Io':l:\’-‘:l'?ll-lbnm to
once-through stesm quentify flaw growth rates reduce PWSCC *
Cold (eg side in siudge plle or | Pitting generators (IWB-2500)
whaere scale containing copper Monitor field performance of Apply nickel plating on the inner surface
deposits is found Frequency of inspection and various sleeve designs of the tubes to prevent PWSCC crack
of tubes 1o be initistion and propagation
Inspected (minimum of 3% of Perlorm inservice inspection
! o reat sl tubes) sre determined of tube plugs Use tubc rolling to ollmmh tube sheet
Tubes In tube support regions | Denting by Tech. Specs. (Reg. Gulde 1.3) foxinity oikell
1, scld chiorid
Standards for stiowsble fiaws elimination, hot mlu. sludge Isncing,
Iinsdequately supported tube | High-cycle fatigue in recirculating stesm pressure pulse, water sisp, chemicel
it dented nesr the top g'“c":_"":"" ("":'.‘::' for clesning, and boric scid sdditions
support plate gommo'wugm" being prepared) to control IGAIGSCC
(W8-3521) Eliminate copper pickup by use of
titanium or stainless steel condonur
Contact points between tube | Fretting Flaw scce) riterl tubes, and replace the
and sntivibretion bar d:t:nnlne:' ;’vw;:,‘ ;P:”- ;l'l"uln |I.I r:dh. mmor train to reducs
(IWB-3630) ng ng
Use afl-volatiie treatment water
b
Tubes sbove tubeshest Waestage Criteria for determining clesning, hot sosks, hot blowdown and
nacessity of plugging fiushing, and eliminstion of
deg tobas ng, and e! mine! lov:o o Nc‘h?\n
(Reg. Gulde 1.121) wasiage
g"ﬁ::‘"’“’" Tubes Eroslon-corrosion Use ch
uts Unscheduled inservice
Surface eoncommlon of Impurmu leading to
Fatigue inspection of sech “.‘::'.” fatigue crack initistion in once-through
primary to secondsry tube steam generstors
Tubes in upper tubesheet t lesks exceed the limits Use lane-fiow blocker in once-through
reglon fatigue defined in Tech. Specs. stesm generstors 1o mitigate
environmental fatigue
rev. 4 *7008



REGULATORY INSTRUMENT REVIEW FOR STEAM GENERATORS

LIFE EXTENSION

¢ 111

COHPONENT 1SSUE REG. INSTRUMENT AGING FEATURES FEATURES CURRENT INITIATIVES AGING NEEDS LIFE EXTENSION MEEDS COMMENTS
COLUMK § COLUMN COtumN 3 COLLMM & [« _Columy & oLt 7 CoLimy 8 coLum 9

STEAR STRESS: Cras

GENERATOR VESSEL PROBLEMS 10 CFR SO, Records. Records indicate None. Material Evaluation- Time intervals and References ASME Code IS! Requirements.

[4}] * | NTERGRANULAR Apperdix A maintenance amount of coverage may records adequacy.

STRESS CORROSION problems. need review to assure
CRACKING- - 1GSCC adequacy of inspection.
* UELOMENTS
* FATIGUE
* BOLTING
TUBE PROBLEMS
* 1GSCC/SCC
* DENTING
* FATIGUE
* FRETTING
* CREVICES TUBE SHEET
() Apperdix B Quality Assurance. Proper QA will Hone . Exbrittiement Fatigue Improved methods of References ASME code for ISI requirements.
assure that ade- stress. detection for sizing
quate and accurate cracks and IGA need to
msintenance records be reviewed/researched.
are recorded and
proper procedures
are followed.
TSs

3 3/6.4.5 TSs requires inspect- None, not addressed. None., improved inspections Depends on the ade- Current inspection technique is eddy current
tion for wall penetra- for fretting/denting/ quacy of Section XI, testing of a fraction of tube bundle every
tions (via any mode of 1GSCC are needed. I1s1. 12-24 calendar months. No requirement con-
wall thimning). cerning the SG shall or secondary side of the

tube bundle. Root-cause analysis require-
ments for tube wall thinning are not

explicitly delineated. Reporting require-
ments would have to be expanded. ’

(O3] 3/4.4.90 None. None, not addressed. None. N/A W/A--Section, TSs, This 1§ requires ASME, Section X1 ISI, Inspections

3/4.4.0.5. 1WA - TS 3/4.4.0.5.

() 3/4.6.0.5 None. None, not addressed. None. Depends on the Depends on the To expand the scope of the required inspec-

(ASME, Section adecpiacy of Section y of Section tions, the Section Xl requirements would have

X1 181, inspec- X!, 1S1 requirements/ NI, 1SI requirements/ to be changed or additional requirements

tions sre reports vs, aging reports vs, License would have to be added to TS 4.4.10 to specify

required.) needs. renewal needs, the types/frequency of inspections and tests
required. (The 1Ss currently cover the SG tube
test frequency; Section XI doesn't address the
frequency.) See Section XI analysis.

()] 3/4.4.9.11 Thermal/pressure cycles None, not addressed. None. Cycles sre recorded. 1 Does not address rapid SG teaperature trangients
are recorded during RCS Might be useful in caused by feeduater/emergency, feeduater tramsients,
heat-up or cool -down evaluating thermal/ or rapid depressurizations of the secondary side,
(primary side oniy). pressure cycle However, instances of transients or rapid depres-

history/severity. surization would be reportable {ncidents.
Ganeral Notes:

1. A "2* {ndicates further study/investigation s needed.
2. For the GSis, “resolved” means the generic safety issue is resolved, not necessarily the sging {ssue.
3. For meaning of atbreviations, acronyms, and fnitial{sms, used throughout, see acronyms on page xi, xii, and xif§ of the report.

-+ Steam Generator
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COMPONENT I$SUE
Cowoe ) coumN2

STRESS (contd)
[£¢]

[$]

($2]

an

an

12)

13

{14)

15)

REG. INSTRUMENY AGING FEATURES

— O 3 conLm 4

TSs

(ALL)

SEPs

3.9 Generatl Design Cri-
teria (GDC): design
with sufficient mergin.
Also, @C 1,2,%;
10 CFR 100, Appendix A
and 10 CFR 50,
Apperdix 8.

3.9.3 Material Integrity.

5.2.3 Review suitability of
waterials chosen. Per-
form tests (fracture
toughness). Review pro-
cedures of menufacturing
and welding. WOE per
Section (11, Ng-2000,

5.2.4 Generat.

5.2.1.1 st meet 10 CFR
50.55a (i.e., meet
ASME requirements for
pressure bourdaries).

5.4.2.4 Overall Integrity
References ASME.

5.4.2.2 References
Regulatory Guide 1.83.

L]

1.8

LIFE EXTENSION
FEATURES

None (except for
initisl marging).

References ASNE

None.

i

H

CURRENT INITIATIVES AGING MEEDS LIFE EXTENSION MEEDS COMMENTS
p— .1 ¥ ] COLUMN 7 coLumMm 8 COLLN 9
Section X1 G on
operating plant
criteria is devel-
oping saveral new
{normendatory)
appandices to
acddcess return to
service situations
component TS
have been exceeded.
? one. ? Evaluate transients used in the design and
fatigue analysis.
None,
None. Covers all resctor coolant pressure boundary.
Bone., Yes. ASME Sec X1 requiremants may not be adequete
for deterforation., A mew Appendix {V updates
ET ardd may assist in these requirements.
None, None. ? Doesn't address specific aging Issues; Section
[11, Class | component design criteria must be
followed for pressure boundary.
None,
In Rewrite. Specific informtion New Guides needed to establish a deterioration

WPLEX Codes ¢ Stan-

dards Work. ldentify

obvious changes--
fatigue MREG 0313.

meeds to be complied
with reference to a $G.

Eliminete unintentional
40-yesrs con

straint in NRC Regs end

Codes end Standards.

overview of component.

MMEG-0313 spplies to contairment boundary piping,

not to $G tubes.

-- Steam Genarator
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COMPONENT

16)

an

€18)

19

(20)

ISSUE
—_—xew g

SIRESS (contd)

REG. INSTRUMENT

RGs (contd)
1.8

1921

1.147

ARE
Section 111

AGING FEATURES

¥o explicit reference
to aging; provides an
NRC acceptable list of
spproved ASHE code

casas for Section I1l.

Defines stress limite
for flaved tubes.

No explicit reference
to #ging; provides an
WRC acceptsble list of
approved ASME code
cases for Section XI.

fatigue.

LIFE EXTENSION

COMENTS

FEATURES CURRENT INITIATIVES AGING MEEDS LUIFE EXTENSION MEEDS
. COUMNS = 1. 4 LOLUW B
The RG assists Life RG revisions are N/A N/A
extension by pro-  made to include or
viding acceptance exclude agpropriate
method of approved Code Case.
(ASHE) materials
acceptable to cur-
rent approved Code
Case.
Hone . RG 1,121, Rev. 1, None. None.
being developed from
Steam Generator
Integrity Program,
The RG assists Life RG revisions are made N/A N/A
extensfon by provid- to include or exclude
ing acceptance meth- appropriste Code Cases.
od of approved
(ASME) inspection
methods using current
Cocle Cases.
Requal ification of A new sgpendix is Requalification
components. urder considerstion rules for components.
which may be used
to regulate compo-
nents vhich have
excesded the rules
for cyclic aperation
in Section IiI,
N3-3222.6. A Task
Group has been formed
to address the issue.
This also applies to
Section XI.
Fatigue curve Section XI SNG on Inproved End-of-Life
revisions. Operating Plant Cri- projections, 40 yesrs
teria is reviewing ond beyond,
fatigue curves in
Section 11! to

determine {f they can
be revised to accom:
moiate operation
beyond 40 years.

ASME Code Ceses are not mendatory. Code Cases
provide » mechanism to use slternate methods
within jurisdiction of the code. The cases
are wually superseded (annulled) by revisions
to the code, {.e., the case becosms part of
the code. [n other instances, the case may be
reversed or dropped as an applicable method,

ASHE code mergine should be maintsined.

ASNE Code Ceses are not mendatory. Code Cases
provide & mechanisa to use alternate methods
within jurisdiction of the code. The cases
are ususlly superseded (annulled) by revisions
to the code, i.e., the case becoses pert of
the code. 1n other instances, the case msy bs
reversed or dropped as an sppl icable method.

From Attachment I1] of the Neeting Agenda for
ASHE-BNCS (S0ard clear Codes and Standards)
Steering Committes on PLEX (p. 8): Codes and
standerds such as BPV Section VIII for pres-
sure vesssls, 831.1 Code for Power Piping, and
816 velve Standards fall within the jurisdic-
tion of the ASME Bosrd on Pressure Technology
Codes and Standerds (8PTCS). Both BNCS and
BPTCS report to the ASME Council on Codes and
Standerds. Consideration of Section VIl! and
831.1 will be under PLEX since they were
extensively used in the construction of
nuclesr power plants peior to the publics-
tion of ASNE 84PV Code, Section (1.

Stuiies are under way to sssess the magn!tude
of the effects of actual eswirormental con-
ditions. Code curves ere based on smooth
specimens in alir at room temperature, whereas
mterials in service have much rougher
surfaces and ace exposed to flowing coolant
at oparsting teaperstures. The actual
surfaces are more prone to crack initiation.
Studiss and ressarch to assess magnitude of
effect of anvirormental factors could result
in need for new Reg. Guide, Reg. Instruments
and/or Code revisions.

-- Steam Gensrator
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COMPONENT 1S8UE REG. INSTRUMENT AGING FEATURES
coum ) SoLLN 2 COLUMY 3 —COLUN &
SIRESS (contd) ASME (comtd)
@n Subsection ASME Code provides
8 recuirements for
[ design, ¢.9., presaure,
L4 tesperature and
mechanicsl losds, to
sssure the strength
and integrity of the
pressurs boundery.
) Section Xi Condition Assessment.
(23) TSs have been exceeded.
(28) 1V8-3510 Accsptance Standards,
(25) 1v8-3512 Acceptance $tanderds.
(26) 1v8-35156 Acceptance Standards,
[¢44] 1v8-3519 Acceptance Stenddards.
(283 18-3320 Accasptance Standerds.
(29) 1v8-2500 Hone,
(30) ve-3321 Wusber of plugged or

replaced tubes.

LIFE EXTENSION

FEATURES CURRENT INITIATIVES
—— 6

AGING WEEDS
oXu

LIFE EXTENSION NEEDS
coLum 8

COMMENTS
COUN D

Morw explicit; yet
provides guidance
and sats forth
rutes for repairs
and replacements
of code components.

Requel jficetion Consideration of

of systems and development of “neuw®

companents . Article 1u-8000,
Recpmiification for
“Fatigue Life.®
$WG on Operating
Plant Criteria
developing several
new nonmandatory
sppendices to
ackiress return to
service situations
when component TS
have been exceeded.

Acceptence None.

Standards.

Acceptance None.

Standards.

Acceptance None.

Stendards.

Acceptance Wone.

Standards.

Acceptence None.

Standards.

None. Regulatory Guide 1,53,

turber of plugged or
replaced tubes.

tnpl fod in the desion
design criteria (see
comments ),

Corvfition Assessment
information/Deta.

I I T A

b

Yos.

Gufdence is needed to
cover the Linits of
componant deterioration.

Requatitication
of systems and
componants fol Low-
ing expiretion of
operating ({cense.

Code evaluation limits
for allowsble indice-
tions of daterfora-
tion should be
determined,

Tosue nen Regqulatory
Guide 1.853.

AMiowsble indicstion
for U-band flaw 18 now
40X through-well.
Growth rete suggests
this {s too high.

For Class | , ASME Code requires
special consideration for material subject
to thiming by corrosfon, erosion, mechanfcal
sbrasion, or other erwirormentst effects end
shatl have provisions sede for the effects
during the design or specified Life by &
suitsble incresse in or sddition to the
thickness of the bese metal over that deter-
sined by the design.

Rules cover design and comstruction require-
ments but do not cover deterioratian.

Present rules limit power but do not specify
the number of defective tubes that a stesm
gerarator can contain before replacement fs
recuired.

3% inspection is not adequets snd full length
s needed (tube sheet to tube sheat). Current
rules require saquential 181, if Tlaw(s) are
de d, f.0. it thing fe found smple
size is increased,

tuber of tubes plugged in a stems generator
could influnce License rensval.

++ $tesm Generator
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LIFE EXTENSION

COMPCONENT ISSUE REG. INSTRUMENT AGING FEATURES FEATURES CURRENT INITIATIVES AGING NEEOS LIFE EXTENSION NEEDS COMMENTS
=1 T I - U1 I S— U7 T S —— T E— U I— - UV N S— . U N AR— . SAUN S
STRESS (contd) ASME (contd)

[£)}] 1W8-2413, None. Nore. Yes. Should heve increased examination program

1u8-2430, atter detection of flaws: 3-1/2 years between
exasinations {s now permitted.
(32) Iwa-3630 None, Rewrite of Regula- Detection and sizing States that evalustion of cracks or IGA, etc.,
tory Guide 1.83. of SCC and 1GA. shat! be performed by snalysis acceptable to

regulatory suthority.
(33) Appendix 1V None, None. Apperdix IV rewrite in process.

This section of ASME (Section XI) may be
transferred to Section V. Section X! will be
replaced with a performance demonstration and
qualification guideline. This is in the
process of being written now but could take

two years.
GSls
34) ] Failures of partislly Nore. None. ? None. Steam-line Break with Consequential Small LOCA
degraded stems gen- * |splemented with THI action plan Item 1.C.0
erator tubes. of MUREG-0737.
* Supplemented by NRC Generic Letter No. 82-33.
(3% 9 Cracking and degradation None . None. Ooes the inepection ? Bolting Degradation or Failure in Nuclear
of bolts and studs from frequency or fraction Power Plants
stress corrosion, inspectad need to be * priority - HIGH
tatigue, boric acid increased for extended * Proposed Inspecting 10X of bolts each
corrosfon, and erosion/ Life? outage, extending an outage 1.5 days.
corrosion.
(36) 35 Loose objects in None, None. Determine whether ? Degradation of Internsl Appurtenances in LWRs
secondary piping could priority of the issue * Related to 8-60
become missiles during changes for longer ¢ priority - LOW.
steem generator blowdown plant Life.
and rupture one or more
tubes.
37 -] Mitigate or reduce Nore, None.. ? ? Stead Generator Requirements
steom generator tube * priocity - WIGH.
degradstions and
ruptures.
{38) 67 ? None None. ? ? Steam Generator Steff Actions
* priority - LOM,
39 m Steess corrosion cracke Hone. None, ? ? Stress corrosion cracking of pressure boundary
ing in steas generator. fecritic steels in selected envirorments,

-- Steam Generator




L°111

COMPORENT
coLumm ¥

(40)

(41)

€42}

(43)

(44)

(43)

(46)

— oM

STRESS (contd)

REG. INSTRUMENT
— oy

GSls (contd)
A-3

A-12

A-15

USTA-47

AGING FEATURES
COLLMN &

Steam generator tube
fntegr ity degraded due
1o wastage end stress
corrosion cracking.

Steam generator tube
integrity degraded due
to wastage and stress
corrosion cracking.

Lamellar tearing and tow
frecture toughness of
steam gerwrator and
reactor puwp SupPpOrt
materials.

Operation of LWR resulte
in slow corrosion of
interior metal surfaces
of the primery coolant
system. These sre
activated by neutron
flux when circutated
through resctor and
plate-out.

Define generic criterfa
for plant specific
revieus for stesm
generator overfill
transients in PARs and
reactor overfills in
BRs.

Presance of loose cbject
in primery coolant sys-
tem can be indicative
of degraded reactor
safety system resulting
from failure or wesken+
ing component.

LIFE EXTENSION
FEATURE!

i

f

CURRENT INITIATSVES
—Coum ¢

AGING NEEDS
coLuney 7

LIPE EXTENSION NEEDS
cou 9

COMMENTS
SOLUMN 9

i

i

-~

Perform trend snalysis
on loose part monftor-
ing data.

Westinghouse Steam Generator Tube Integrity
* See MREG-0371.

® Degradation decressed by conversion from
phosphate to an all-volative weter treat-
ment. Denting which lesds to primery side
stress corrosion continues to be s problem.

CE Steam Generstor Tube Integrity

* See MREG-0371.

* Degradetion decressed by conversion from
phosphate to an sll-votatile weter treat-
ment. Denting which leads to primery-side
stress corrosion continues to be a problem,

82V Steom Generator Tube Integrity
* See MREG-0371.

Fracture Youghness of Steem Generator and

Resctor Coolant Pump Siupports

* Solutfon made availasble in Octcber 1983
with publication of MREG-0577.

* Applies to new construction shen SRP,
Section 5.3.4 is issusd.

Primary coolant system decontemimation and
steam gansrator chemical clemning.

Safety Implications of Control Systems
* Need to sddress fupture of instrument
semming lines.

Loose Part Monitoring System
* priorfty - RESOLVED.

== Steam Generator



9 I

COMPONENT
Lopew |

(47)

(48)

(49

(50)

[$1)]

(52)

(53)

(54)

ISSUE
— g

STRESS (contd)

DYNAMIC EFFECTS
* VIGRATION

* THERMAL CYCLES
* EROSION

REG. INSTRUMENT
L [

AuS
3.2

5.37
5.3.10

Crs
10 CFR 50,
Appendix A

Appendix 8

Se
3/4.4.5

3/4.4.10

ASME Code Class
Haintenance
Committee

3/4.4.9.1.1
RCS heat-up/
cool -down

AGING FEATURES

Qual ity Assurance.

T8 requires eddy
current testing of
tubes thst could
indicate tube erosion
(shell not addressed).

None.

Thermsl cycles are
recorded during RCS
heat-up and cool -down,

LIFE EXTENSION
FEATURES

Review of plant
procedures/records
could give insight

into deterioration.

Review of plant
procedures/records
could give insight

into deterioration.

Review of plant
procedures/records
could give insight

into deterioration.

Yes.

Yeas.

hone, not
addressed.

None, not
addressed.

CURRENT INITIATIVES
.17 N S

AGING MEEDS

Material Evalustion.

Embrittlemant Fatigue
Stress.

inspect secondsry
side of tubes for
vibration (fretting)
and shell erosion).

N/A

The thermal cycles are
recorded and retained.
Perhaps useful in
evaluating cycle
history/severity.

LIFE EXTERSION MEEDS

COMNENTS
COUN 9

Interval between
exams naed to be
reviewsd.,

Methods of detecting
and sizing crecks
and 1GA need to be
reviewsd,

Regorts from inspec-
tions could be used
to evaluste tube ero-
sion conditions,
though root-cause
aatysis may be
lacking.

Dy on of
Section X1 I8! require-
ments and other
requirements afready
in place.

Qual ity Assurance documentatjon and/or records
are required to show and evaluate deteriora-

tion of a component.

References ASME Code for ISI.

References ASME Code for ISI,

Eddy current testing firds wall thinning bt
not necessarily the mode of thinning unless
the utitity included this in its correspond-
ing report of the inspection to the MRC.

Oonly o fraction of the total mamber of tubes
are required to be inspected during an outage.

15 4.4.10 defers to T.8. 4.0.5 which specifies
that the ASHE, Section XI, requirements are
spplicable. See Section XI snalysis.

Does not address rapid 5G tesperature
transients caused by fescuster/emergency
fouch transi (e.g., transi

sssociated with lud-ur/‘-roency feschater
$G aver-fesding or rapid Loss at feedwater
prehesting).

-- Stean Generstor
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COMPONENT
cottee )
55

(56)

(3101

(58)

(59

(60)

(61

)

3

(64)

tssve
PRS-~ 1. I S,

OYMAMIC EFFECTS
{contd)

REG. INSTRUMENT
— o 3

=re
3.9.2

3.9.3
5.2.4

$.2.1.1

5.4.2.1

$.4.2.2
RGs
1921

1.147

1.85

ADE
Section 111,
Subsection
"

"

[ 3

AGING FEATURES

Review of the criteris,
testing Y
dynamic snalysis.

Katerial Integrity.
General.

Must meet 10 CFR 50.550
(1.0., moet ASME Section
111 requiraments for
pressure bourderies).

Oversil integrity,
Reforences ASME.

Reforences
Regulatory Guids 1.88.

tetines dynamic loading
considerations governing
tube failure,

Mo explicit refersnce
to sging; provides an
MNRC accepteble (ist of
approved ASME code
cases for Section Xi.

o expticit reference
to aging; provides an
NRC accepteble List of
spproved ASHE code

cases for Section 311,

ASME Code provides
requirements for
design, e.9., pressure,
tesperature and
mechanical loads, to
sssure the strength
and integrity of the
pressurs boundery,

LIFE EXTENSION

LIFE EXTENSION MEEDS
CoLiom 8

ComiENTS
e SOLLIN 9

FEATURES CURRENT INITIATIVES AGING IE;DS
Nors. 1 None.
Rof. ASME. Sone. Conplete and relisble
data base.
Hone. None., Yaa.
sons, Hone. None.
None. Mone.
Hons. In Rewrite. Yes.
Limited. RG 1.121 limited to  Comsideration of other
tube intearity, structural degradation,
i.e., vessels.
The RG assists Life RG revisions are sede N/A

extersion by provid- include or exclude
ing acceptance meth- sppropriste Code
od for spproved Coses.

(ASME) irspection

wethods using cur-

rent Code Cases.

The RO assista Life RG revisions wre smde R/A
extension by provid- include or exclude

ing scceptance meth- appropriate Code Cases.

od for spproved

(ASME) materiats

scceptable to cur-

rent spproved Code

Casas.

Wone explicit; yet,
provides guidance
ond sets forth
rules for repairs
and replacements
of code components.

Isplied in the design
design criteris (see
comments).

Complete and relishle
dsta base,

Long-ters failure
resistance of $G vessel.

/A

/A

Guidence is needed to
cover the Limits of
component deteriora-
tion.

Assure structursl snd functionsl integrity
under vibratory (osding.

ASHE Sec X! recuiremsnts sey not be asdequate
for deterforstion.

Dossn't address specitic issues; Section 111
must be followed.

New Guides needed to establish a deterioration
overview of component.

ASME Code Cuses are not sandetory. Code Cases
provide 8 sechanisn to use slternate methods
within jurisdiction of the code. The cases
ars usustly superseded (snnulled) by revisions
to the cocde, 1.e., the case becomes part of
the code. In ather instences, the case my be
reversed or dropped ax an sppticsble methad.

ASME Code Cases are not mercietory. Code Cases
provide & sechanism to use alternate methods
sithin jurisdiction of the code. The cases
ore tmually superseded (snnulled) by reviziors
1o the code, i.e., the cass becomss pert of
the code. In other instences, the case mey be
reversed or dropped as sn sppl iceble method.

for Cless | components, ASME Code requires
special corsideration for meterisl subject
to thimning by corrosion, erosion, mechanical
sbrasion or other envirormentel effects and
shall have provisions mede for the effects
during the design or specified life by a
suftable increase in or addition to the
thickness of the bese setal over that deter-
mined by the design,

Rules cover design ard censtruction require-
mants but do not caver deterioration,

-~ Steem Generator
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COMPONENT
Sotum 1

(65)

(66)

(78]

(68)

(69}

(70)

)

72)

1SSUE REG. INSTRUMENT
— ol 3

— ol g
DYNAMIC EFFECTS

1w8-2500

148-3510

1wa-3512

18-3516

1w8-3519

1ua-3520

1wa-3521

ASKE (contd)
(contd) Section XI

AGING FEATURES

Corrosion and Erosion.

None.

Acceptance Standards.

Acceptance Stendards.

Acceptance Standards.

Acceptance Standerds.

Acceptance Standards.

Mumber of plugged or
replaced tubes,

LUFE EXTENSION
FEATLRES

Acceptance
Stendards.

Acceptance
Standerds.

Acceptance
Standsrds.

Acceptance
Standards.

Acceptance
Standards.

tuber of plugged
or replaced tubes.

CURRENT INITIATIVES
—.X. N3

AGING NEEDS
SO 7

A new S\G on pipe
wall-thinning hes
been established and
will ceview this
issue with EPRL.
Kain ares of concern
at this time s the
effects of erosiony
corrosfon on pipirg in
non-nuclear applica-
tions ANSI/ASME
8316-1964, Marugl for
Determining the Re-

ining s 1
Reurite of Regulatory
Gui

Norw.

I §fF ¥

Yes.

i

PE

LIFE EXTERSION NEEDS
— 0N )

COMMENTS
— o 9

Issus new Regulatory
Guide 1.83.

Evaluation and guides
for allowable indice-
tions and deteriora-

tion limits should be
determined.

Allowsble indication
for U-bend flam is
40% through-wall;
growth rate suggests
this {s too high.
This may not be con*

servative enough, i.e.,

all fndications of &
flew should require
plugs.

The Section X1 Subgroup on Nondestructive
Examination is currently developing @
*Code Case™ and normandatory appendix on
Ultrasanic Detection and Neasuresent of
€rosion/Corrosion.

ANS1/ASHE B-31.G may have o limited application
to nuclear facilities.

3X irspection is not adequete and full length
is nosded (tube shest to tube sheet). Current
rutes require sequential 151, 1f flaw(s) are
detected, 1.e., if something is found, sample
size is fncressed. (The tube smpling fs set
by the TSs, not by Section XI.)

Present rules Limit power but do not specify
the nuber of defective tubes that a steam
generator can contain bafore replacement is
mcessary.

Mumber of tubes plugged in a steam generator
coutd influence {icense renewsl.

-+ Stemm Generator
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[84))

(76)

(75

(76)
(7

(M

™

(50)

(L1}

DYMAMIC EFFECTS
{contd)

REG. INSTRUMENT
o 3
ASHE (contd)
V8-2413,

30

1v8-3630

Mpperdix IV

Sl
13

AGING FEATURES

?

Loose objects in
secondery piping could
becoms missiles during
steam generator blowdown
and rupture one or more
tubes. Presence of
loose cbjects implies o
system has failed,

Lamellor tearing
represents & recuction
in load & joint could
handle, perticularly
under emergency condi-
tions such as seismic
conditions.

Hitigate or reduce
steam generator tube
degradations snd
ruptures.

LIFE EXTENSION
FEATURE:

H

i

CURRENT INITIATIVES
— e

Regulatory Guide 1.83

H

AGING NEEDS
couem. 7

LIFE EXTENSION NEEDS
oL 8

CONMENTS
CoLLm 9

Yeu.

Yes, detection snd
sizing of $CC and 1GA.

should have increased examinetion program
after detection of flaws: 3-1/2 years between
inetions is now possibl

States that evalumtion of cracks or IGA, etc.,
shall be performed by snelysis ascceptsble to
regulatory suthority.

Appendix 1V rewrite in process.

This section of ASME (Section XI) mey be
tranaferred to Section V. Section X1 will be
eoplaced with s performance demonstration and
quelification guideline. This fs in the
process of being written now but could take
two yeers,

Stoam-Line bresk with consequential smait LOCA.

Degradation of Interial Appurtensnces in LuRs
* priorfty - LOM.

Lamellor Teering of Reactor System Structural
supports
* 1s a subtask under A-12.

Stesn Generstor Requiremants
* Four I1tems Priority - NIGH.

Steem Generator Staff Actions
® priority - LOW.

Usstinghouse Stesm Generator Tube Integrity
* See MREG-037).

+- Steam Generetor
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COMPONENT
Solam ]

(82)

a3)

(84)

(85)

(86)

n

(88)

o9)

1SSUE
— g

OYNARIC EFFECTS
(contd)

AGING FEATURES

None.

Tube cracks of unknown
origin propagated in
the circusfersntial
direction by flom-
induced vibrations.
Erosion cavitation
phenomena.

Lamsllar tearing snd low-
fracture toughnass of
steam gererator snd

reactor pump SUpEOrt
materials.

Contribution of control
system failures result-
ing in overfitling
transients and pres-
surized thermsl shock.

Presence of locse

abject in primery

coolant systes can be
indicative of degraded
reactor safety system
resulting from faited
or weakened component.

None.

None,

LIFE EXTENSION
FEATURES

Review of plant

procedures/records
could give insight
into deteriocation.

Review of plant

procedures/records
could give insight
into deterioration.

Review of plant

procedures/records
could give imight
into deterjoration.

CLRRENT INITIATIVES LLFE EXTENSION MEEDS
-1 ¥ CoLNN ]

COMMENTS
L P

CE Steam Geracator Tube Integrity
* See NUREQ-0371.

S Stean Gerwrator Tube Integrity
* See NUREG-0371.

Fracture Toughness of Steas Generator and

feactor Coolant Pump Supports

* solution made svailable in October 1983
with publication of MMEG-0577.

* In the case of North Anna, licenses sgreed
to reise tesperature above 225°F bafore
pressurizing above 1000 Psi.

safety Isplications of Conteol Systems.

Loose Part Monitoring System
* Priority - RESOLVED.

Gual ity Assurance docimentation snd/or records
sre required to show and evaluate deteriora-

tion of & component.

-~ Steam Generstor
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(90)

[$4})

92)

935)

(%)

95

(96)

STRUCTURAL [INTEGRITY

THERMAL
® SEISMIC (DAMAGE)
FAILURES

REG. INSTRUMENT
—m 3

CiRs
10 cFe S0,
Appendix A

ix A,
Criterion 2

Criterion 51

Appendix 8

TSe
37445

374.4.10

3/4.4.7.9

AGING FEATURES

Records.

Design bese for pro-
tection of equipment
frem naturst phenomena
including components
important to safety.

Mone explicit/
stipulates Reactor
Pressure Boudery to
be designad to include
considerstions (suf-
ficient sargine/factor
of safety) for pressure
contalrment under oper-
ating, testing, end
postulated accident
conditions such that
the pressure

ferritic meterials
behave in a norbrittle
sanner. .

Qual ity Assurance.

N/

Requires periodic
testing of srubbers
associated with the
3G ard piping.

LIFE EXTENSION
FEATURES

Yes.

Nore explicit; pro-
vides direction to
use MOSt severs
known historicat
phenomena for the
design, {.e., this
conservetive design
base.

Nore explicit; fm
plied by the design
if the ferritic
saterisl continues
to show non-brittle
properties.

Yes.

None, not
addressed.

Nors, not
sddressed.

done, not
addressed.

CURRENT 1WITIATIVES
— 0L §

AGING NEEDS
oL 7

LIFE EXTENSION NEEDS
CoLLem §

ComENTS
COL 9

i

i

Waterial Evelustion.

Ganeric snd specific
design(s) must meet
current and known
mstural phenomena.

Mathods to measure
wmbrittied properties.

Enbrittioment Fatigue
Stress.

N/A

Intervels between
exame nead to be
reviewed.

Dasign sust meet current
design criteria tor the
phenomang.

Tmproved MDE techniques
to determine esbrittle-
mnt properties.

Provide audits/records of

wethods of detection
and sizing cracks
and 10A,

References ASME for ISI.

Regulation should be updeted to reflect
Life extension optiors and the option
to eveluste nuctear facilities for
plant sging.

fegulation criteria needs updeting to
festure Life extension applications.

References ASNE Code for 181 requirements.

T8 requires periodic eddy current testing of
3G U-tubes.

This 7§ requires 1SI ASME, Section IX. [f Section
X1 is not sdecuate, and the TSs sre to be expanded,
this may be vhere the revisions should occur.

This ¥$ is limited with reference to the seismic
issue, i.e., sefsmic monitoring of the site is
required. Mo other references are made. In addi-
tion, periodic testing of the S snubbers does
not oceur. The utilities are unsble to do so.

-~ Steam Generator
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CONPORENT
Soueee )

[$4]

<%8)

(99)

€100)

(101)

(102)

€103)

155U¢ KEG. INSTRUMENT
-l .

——nz

STRUCTURAL INTEGRITY  TSs (all)
{contd)

5.2.4

5.2

5.4.2.1

5.4.2.2

AGING FEATURES

Materisl Integrity
Reference to ASHE
Section 111 and @C
1,2,6,14,15.

Review suitability of
materials chosen. Per-
form tests (fracture
toughness). Review pro-
cedures of manufacturing
and welding. NDE test-
ing a8 per Section III,
N8-2500.

Require 181 Progras
of RCPB (GDC-32) to
assess structural and
lesk-tight integrity,

Must meet 10 CFR 50.55a
(i.e., Moot ASME Sac-
tion 111 requiresents
for pressure bounderies).

Overall Integrity

Mest GOC 1,14,15,31 andd
10 CFR 50, Appendix A.
Have sufficient design
sargin. Review selec-
tion snd fabrication of
materials. Must meet
ASME code,

Reference, Regulatory
Guide .83,

LIFE EXTENSION
FEATURES
—Cauws

Reference ASME.

Nons (except for
original design

margins).

None.

CURRENT INITIATIVES

torking Group on
Operating Plant Cri-
teris, a proposed
addition vo Article
148-3000 of Section
XI. Would contain
rules and foraules
for performing sn
evalustion of a com-
ponent's fitness for
contirued service
when either TSs or
elements of its con-
struction/design
limitations had been
oncesded,

Noner .

Rewrite in process.

AGING NEEDS LIFE EXTENSION MEEDS
i

COMMENTS
CoLibet 9

Yes.

Loading cosbinations, system opsrating
transients, and stress Limits.

Covers all reactor coolant pressure boundsry.

Based on requiremsnts of 10 CFR 50.55a and
detailed in ASKE, Section XI.

Doesn't address specific (ssues; Section III
sust be followed,

To meet the GDC 1, the acceptable materials
are specified in Section 111, Appendix I,
Section 11, Parts A,0,C. Must also mest RG
1.85. To mest G0C 1,14, and 31, the fracture
toughness must awet 10 CFR 50, Appendix G,
and Section 111 NB-2300 and ASME, Appendix G
G-2000. Por welding, see ASHE Code

Sections 111 and IX,

Wew guides needed to establish a deterforation
overview of component.

-~ Steam Generator
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(104)

€105

(106)

«on

(108)

€109)

€110)

15508
L I S

STRUCTURAL INTEGRITY
{contd)

REG. IWSTRMENT
— e

ras
1.121

1,147

1.5

ASE
saction {11,
Subsection
“

w
NF

ve-3510

va-3512

1va-3516

AGING FEATURES

Oefines methods for
calculating minimm
acceptable tube wall
thickness.

o explicit reference

to aging; provides an

WRC acceptable List of
ASME code

cases for Section XI.

o explicit reference
to aging; provides san
WRC acceptsble Liat of

ASNE code
cases for Section 111.

ASME Code provides
requirements for
design, e.g., pressure,
temperature and
mechanical oeds, to
assure the strength
and integrity of the
pressure boundary,

Acceptance Standerds.

Acceptance Stendards.

Acceptance Standards.

LIFE EXTENSION
FEATURES CURRENT INITIATIVES
1N EE— T K

AGING NEEDS

LIFE EXTENSION NEEDS
CoLmm 7 _Cotumn 8§

COMENTS
LN P

Limited. 26 1.921 Limited to  Consideration of other Long-tern failure
tube integrity. structural degredation, resistance of $G vessel.
f.e., vessels,
The #6 assists Life RG revisions are wade WA L7

extension by provid- include or exctude

ing acceptance meth- sppropriste Code Cases.
od for spproved

(ASME) inspection

mthods using cur-

remt Code Cases.

The #G assists life &G revisions are made N/A WA
extersion by provid- to include or exclude

ing scceptance math- appropriate Code Cases.

od for

(ASHE) waterials

acceptsble to cure

rent Code

Cases.

None explicit; yet
provides guidance and

tmplied in the desion
criteria (sos coments).

Guidence is needed
to cover the timits

and sets forth rutes of component

for repairs and deteriortion.

replacsments of code

camponents .

Acceptance done. Bone. Evalustion and Guide

Standards. for sllovable indica-
tions ardd deteriora-
tion Limits should be
determined.

Accsptence Nore, Nore.

$tandards.

Acceptance o . [

Standarde.,

ASME Code Cases are not sandatory. Code Cases
provide a mechanism to use alternate methods
within jurisdiction of the code. The cases
are usually supersedad (amulled) by revisions
to the code, §.e., the case becomes part of
the code. In other instances, the case may be
reversed or dropped as an applicsble method.

ASME Code Cases sre not mandatory. Code Cases
provide a mechanism to use slternate methods
within jurisdiction of the code. The cases
are ususlly superseded (annuiled) by revisions
to the code, {.e., the case becomes part of
the code, In other inetances, the csse may be
reversed or dropped as an applicsble method.

For Claas | components, ASME Code fequires
special consideration for material subject
to thinning by corrosion, erosion, mechanical
sbrasion or other envirorsmntal effects and
shall have provisions mede for the effects
during the design or specified Life by a
suitsble incresse in or addition to the
thickness of the bese metal over that deter-
ained by the design,

Rules cover design and construction require-
ments but do not cover deterioration.

Present guides Limit power but do mot specify
the mmber of defective tubes that a stesm
generator can contain before replacement s
required,

-~ Steam Generator
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STRUCTURAL INTEGRITY
(contd)

REG. INSTRUMENT
U .

ASME (contd)
1we-3519

1w8-3520
148-2500

1W-3521

1U8-2413,
%30
199-3430

Article IV

3.37

5.3.10

AGING FEATURES

Accaptance Standards.

Acceptance Standerds.

Number of plugged
or replaced tubes.

LEFE EXTENSION

FEATURES CLRRENT INITIATIVES
— S

Acceptance hone. None.,
Stanciards.
Acceptancs None. None.
Stanciards.

Mone. Reguiatory Guide 1.83. Yes.
Number of plugged
of reptaced tubes.

None. Yas.

Regulatory Guide 1.43.
None.

Review of plant None. one.
procedures/records
coutd give insight
into deteriorstion.
Review of plant Nore. None..
procedures/records
could give inaight
fnto deterioration.
Review of plant Mone. None.

procedures/records
could give insight
into deterioration.

AGIMG NEEDS

LIFE EXTENSION MEEDS
SOLUNN §

COMMENTS

155us new Regulatory
Guide 1.83.

Allowsble indication
for U-bend flaw is now
40X through-watl.
Growth rate suggests
this is too high.

Yes, detection and
sizing of 5CC and IGA.

None.

tmber of tubes plugged in a steam generator
could influsnce license renewal.

Should have increased sxamination progras
after detection of flaws: 3-1/2 years between
inations {s now possibl

States that evelumtion of cracks oc GA, etc.,
shall be performed by enalysis acceptsble to
regulatory suthority.

Regulatory Authority has been rewritten and
is in final stage.

This section of ASME (Section Xi) may be
transferred to Section V. Section X! will be
replaced with a performance demonatration and
qualification guideline. This is in the
process of being written now but could take
two years.

Quat ity Assurance documentstion and/or records
are tequired to show and evatuate deteriora-
tion of a component.

-+ §team Ganerator




LIFE EXTENSION

LT°I11

COMPORENT 1S9UE REG. 1WSTRUMENT AGING FEATURES FEATURES CURRENT (NITIATIVES AGING WEEDS LIFE EXTENSION NEEDS COMMENTS
Loy coem2 0 COLUMNE OO § _com 7 coLm 8 — COLUMN D
CORROSION Cras
121 * VATER CHEMISTRY 10 CFR 50 10, Records. Yos. Hone. Materiat Evalustion. Interval betwesn sxams References AS¥E for 1S recuirements.
* [MPURITIES Appendix A needs to be reviewsd.
* I
ATTACK (18A)
* IRRADIATION EN-
MANCED EFFECTS
CINCREASED RADIO-
LYTIC DECOMPOS] -
TION OF WATER AND
CONDEWSER TWLEAK-
AGE JNFLUENCES B
WATER CHEMISTRY)
122) Apperdix 8 ouat ity Assursnce. Yes. Hone. Esbrittienent Fatigue Nethods of detection
Stress. ond sizing for cracks
ond 1GA need to be
revised.
Toe
€123) 3/4.46.5 Eddy current testing Wons, not Hone., Inepection reports Inspection reports This TS requires current testing of 5G U-tubes.
could detect well thin- addressed. could be expanded to might be useful for 1GA effects on U-tube wall thickness could be
ning dus to chemistry Look st 5G meterials rencwel criteria datected though the cause is not necessarily
probleme, for chemistry-specific review {f requirements inferred. Reporting requirements would have to be
fosusa. for reports wers made .
more specific.
(124) 3/4.4.10 Rocuires ASME, Nore, not Mone., N/A Oapenvds on vhether This T8 requires the requirements of TS 3/4.4.0.5
4.05 Section X1, require- sddressed. reports/records of (ASME, section X1, 1S1) be applied to SG.
ments for $Gs. ASME, Sectian XI, are
sdequete to be useful.
€125) 3/4.4.4.7 Requires primery coolant  None, not Sone. /A Primary side chemistry GENERAL CORROSION MOTE: Technical Specifice-
(RCS) chemistry control. addressed. analysis records are tions do not address secondery (steam plant

retained, Perhops
ussful in evalusting 56
history with regard

to chemistry of fluid
(rcs),

side) chemistry control at all. This is
shere chemical attack of U-tubes would seem
the most Likely. Therefors, especially for
old $Gs, secondery chewistry and its bearing
on U-tube integrity would be of great
{sportance. (Secondary side chemistry is
sdministratively controlled but not by

T8)

Limits placed on Cl, F, snd dissolved
oxygen. Are these adecuate?

Steedy State

—Parameter _ _Lisit  Jrens jmi
(dissolved 05)*  <0.10 ppm <1.00 ppm
(C1°) <0.15 ppm  <1.50 ppe

(F) <0,15 ppm  <1.50 ppm

"NW/A {f RCS temp. fs <250°F.

=+ $team Generstor
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€126)
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(128)
(3}

€130)
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132

(139

(134)

€13%)

1ssue

—ON 2

LCORROSION (contd)

REQ. INSTMMENT
—Oe 3

sare
3.9.3

$.2.3
5.2.4

$.2.1.1

$.2.4.1

TP METS 5-3

$.4.2.2

10.4.8

re
1921

Aot
Section M1,
Subsection
. d

n

NF

AGING FEATURES
4

Material Integrity.
Cortosion,

Germral.

Must meet 10 CFR 50.53a
(i.0., meet ASHE Sac-
tion 111 requirements
for pressure bounderies),

Must waat GOC 1,14,15,
orcd 31 of 10-CFR-50,
Appandix A, The design
mxt have sufficient
mergin, Requires review
selection and febeication
of materials. frecture
prevention criteris mumt
be satisfied,

Maintain water chem-
fstry. Guides to
design to prevent
sludge buf ld-up.

Refererce Guide 1.85.

Steem generstor blow-
down system review
design basis. GOC 14:

Degradation growth
allowance fncluded In
minimm tube well
determination,

ASHE Code provides
reqsirements for
design, e.g., pressure,
tesperature and
mchanicel loads, te
sssure the strength
and integrity of the
pressure boundary,

LIFE EXTENSION
FEATURES

—ott 5
Refererces ASME.
None.

Mefntaining "good™
sater chemistry,

Limited.

Norw-explicit; yet
provides guidence
ond sets forth
rules for repairs
and replacements of
code components.

CURRENT INITIAT{VES
COLUMN 6

AGING NEEDS
QoLumi 7

LIFE EXTENSION NEEDS
COLLMN §

CONENTS
_CoLpe 9

None,
Norw..
Nons.

Hone.

Rewrite {n process.

Revision of RG 1.121
partially scdresses
degradation growth
altowences for tubes.

Yes.

Yes.

Setter dafinition of
degradatjon growth
rates needed for
specific defacts.

Isplied in the design
design criteria (see

commants ).

Yes.

Better models of degra-
dation growth needed to
protect remsining tube
integrity.

Guidence is neeced to
cover the Limits of
conponent deteriora-
tion.

Covers construction only.

ASME Sec X1 requirsments msy not be sdequate
for deterioration.

Doesn't address specific issues; Section 11
must be followed.

To meet the GOC 1, the acceptsble mater{els
sre specified in Section 111, Appendix I,
Section I, Perts A,8,C. Must slso seet
Reguletory Guide 1.85. For welding, see
Sections {11 and IX. To seet corrosion-
resistance, see Section IX, Part Q¥, Artictes
1, 11, 111 and 1V, Reference BYP MTES 5-3
(Weter Chemistry for Stesm Generstors).

Actuslly mentions "long-term relisble
operation,” Reference Regulatory Guide 1.37.

New Guides need to estebiish a deterforation
overview of component.

Review only initial design of the systea.

Available data from sccelersted laborstory
tests. May not be useful for predicting 5G
performance.

For Class | components, ASME Code requires
specisl considerstion for material subject
to thiming by corrosion, erceion, mechanfcat
abrasion or other environmental effects and
shall have provisions made for the effects
during the design or specified life by o
suitsble incresse in or addition to the
thickness of the base metal over that deter-
mined by the design.

Rules cover design and construction require-
ments but do not cover deterioration.

==~ Stemm Generator
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(138)

37

(138)

(139

(140)

€141)

(142)

(1))

(164)

(145)

CORROSION (contd)

REG. IMSTRUMENT AGING PEATURES
oL 3
ASHE (contd)
Section XI Acceptance Standerds.
18-3510
1v8-3512 Acceptance Stendards.
1ve-3516 Acceptance Starderds.
1ve-33519 Acceptance $tanderds.
1va-3520 Accaptance Standerds.
1V8-2500 Mone.
1ve-3521 Munber of tubes
pl .

1v8-2413, None.

2430
1V8-3630 None.
Apperdix 1V Hone.

LIFE EXTENSION
FEATURES

Acceptance
Standards.

Acceptance
Standards.

Acceptance
Standards.
Acceptance
Standards.

Acceptance
Standards.

Muber of tubes
plugged.

CURRENT INITIATIVES
o 1N )

Regutatory Guide

LIFE EXTENSION NEEDS

Regulatory Guide
1

You, Gulde 1.63.

Yes.

Evaluation end Guide

for allowsble indica-
tions and deteriors-

tion Limits should be
determined.

Issus new Reguiatory
Guide 1.83.

AMlowsble indication
for U-band flaw is now
40% thru well; growth
rate suggests this is
too high.

Detection and sizing
of SCC and 1GA.

COMENTS
QoL 9

Present guides |imit power but do not specity
the mmber of defective tubes that a stesm
generator can contain before replecemant is
required,

3% inspection is not adequete and full length
is needed (tubs sheet to tube sheet). Current
rules require sequentisl 151, if flaw(s) are
detected. i.e., {f something is found, sample
size fs incressed.

Amount of tubes plugged in & steam generator could
influence license renewal.

should have incressed exsmination program
after detection of flaws: 3-1/2 years between
inations s now possib

States that evelustion of crecks or IGA, etc,,
shall be performed by snslysis scceptable to
regulatory suthorization.

Apperdix IV rewrite in process.

This section of ASME (Section XI) may be
transferred to Sectian V. Section XI will
contain performance desonstration end
quelification rules. This could teke tuo
yeors.

-- Steam Generator
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COMPONENT
ol )

(146)
{147)

(148)

(149)

(150)

(151)

{1523

(153

154)

€155)

—newg

CORROSION (contd)

REG. 1WSTRUMENT
1. .

[~ 18]
18

67

m

A-S

A-12

A-15

LIFE EXTENSION

AGING FEATURES FEATURES
1 None .
? None.
Mitigate or recduce None.
stean generator tube
degredations and
ruptures.
? Hone .
Stress corrosion crack- Nore.
ing in steam generator.
Steam germrator tube None.
intege {ty depraded dus
to westage and stress
corrosion cracking.
Steam generator tube one.
integrity degraded due
to wastage and stress
corrosion cracking.
? None .
Lamstlar tearing and None.
low fracture toughness
of steam generator and
TACLIOr NP Support
materials.
Operation of LWR done.

results in slow corro-
sion of interior metal
surfeces of the pri-
mary coolant systems,
then activated by
neutron flux when clrcu-
lating through the
reactor and plate-out.
Once plated, they cannot
be removed by plant
water chemistry systes.

CURRENT INITIATIVES

§

i

§

5

:

AGING NEEDS

Assess the efficiency
of water chemistry
system to meet eatended
plent tife.

LIFE EXTENSION NEEDS
-]

COMMENTS
Lo 9

Steam-line break with consequential small LOCA.

Degradation of Internal Appurtenances in LWRs
* Priority - LOM.

Steam Generator Requirements
* Four Ttems Priority - NIGH.

Steam Generator Staff Actions
* priority - LOM.

$tress Corrosion Cracking of Pressure
Boundary Ferritic Steels in Selected
Envirorments.

Westinghouse Steam Generator Tube Integrity

* See WUREG-0371.

* Degradet ion decrassed by conversion from
phosphate to an all-volative water treat-
ment. Denting which leads to primary side
stress corrosfon continues to be a problem.

CE Steam Generator Tube Integrity

* See NUREG-0371.

* Qegradation decressed by corwersion fram
phosphate to sn all-volstive water treat-
ment. Denting which leads to primary side
stress corrosfon continues to be a problea.

8V Steam Generator Tube Integrity
* See WREG-037V.

Fracture Toughness of Steam Generator and

Reactor Coolant Pusp Supports

* Solution made availeble in October 1983
with publication of MREG-0577.

Primary coolant system decontaminetion and
steam generator chesical cleaning.

“= Stemm Genarator




LIFE EXTENSION

12° 111

= DATA COLLECTION

= DATA EVALUATION

- TRENO CLRVES

= RECCROING
KEEPING

COMPONENT 13SUE REG. INSTRUMENT AGING FEATURES FEATURES CURRENT INITVIATIVES AGIY¥G NEEDS LIFE EXTENSION NEEDS COMMENTS
coummt  _ couew2 O3 COLUMN & R [T N S— U K] COLLMN 7 CoLumy 8§ COLM 9
CORROSION (contd) 6S1s (comtd)
€156) 8-60 Presence of loces None, None. ? ? Loose Part Manftaring System
cbject in primery * priority - RESOLVED,
coolant system con be
indicative of degraded
reactor safety system
resulting from failure
or weekening component.
s
(3§70} 3.2 None. Review of plont None, None. Mone. Ousl ity Assurance doctmentation and/or records
procedures/records required to show and eveluate deterioration of &
could give insfght component.
into deterioration.
(159 8.37 None. feview of plant None, Norw, None.
procedures/records
could give insight
into deteriorstion.
(159 $.3.10 Nane. Review of plant None. None. None.
procedures/records
could give insight
into deterioration.
SURVE ILLANCE CrRs
€160) ® TESTING 10 CFR 50 Survefilance Program "New programmtic “programmtic cri~ Oversil guidence/ This standard woutd Suggested thet this “Progremmatic-Criteria®
* INSPECTION criteria® standard teria® type stercisrd plamning for survefl- serve 8¢ a guide to a standerd becoss & perent standsrd and that
* MAINTENANCE & that could, by Retf., being considered by lance program. ruclear utility in other deughter stendards ey be needed to
REPAIR beccms a part of NUPLEX for entire bescome their devel- specify inspaction techniques, the evelustion
* TUBE CLEANING 10 CFR 50 {f ft mxlesr plant snd all plant-specific program and identification of sging mechanisms, the
& REPAIR were esteblished components of concern. plan, It would provide establ ishment of specisl or snhanced mainte-
* NDE by a standard's overst| guidence for nence progrems, snd the development end
* INFORMATION/DATA group st requast stesm generator issues. imptementation of recordkeeping snd trending
REQUIREMENTS of NUPLEX. progreme. Guidence could also be provided
= FREQUENCY seperately for evaluating the effects of plant

transient events on corponent or systes Life.
This starderd is expected to be used by
ruclear utilities to establish » plen for
sssessing the fessibility of a plant Life
extersion program snd for developing end
implementing such & program where practical.
It would assist utility personel in identify-
ing actions required to preserve a plant life
extension option end for identifying needs
for equipment testing, inspection, manitoring,
aned assessment. It will provide a framework
for sddressing future regulatory requiremnts
ss they might affect the extersion of plant
life snd to support particuler plant operating
and meintenance practices o3 an inteorsl part
of prudent plemt manegement.

(Prepared by J. Christie for WPLEX
Codes and Standards Subcommittee.)

-+ Stems Generstor
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(170)
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SURVE ILLANCE (contd)

REG. INSTRUMENT
—Colww 3

CFRs (contd)

3/4.6.10
3/4.0.5

5.2.3
5.2.4

5.2.1.1

5.4.2.1

5.4.2.2

6.6

10.3.6

LIFE EXTENSION
AGING FEATURES FEATURES
4

Could lead to MRC rule

changes.

Requires eddy current None, not
testing of SG U-tubes. ackiressed.
Requires ASME, None, not
Section XI, trestment addressed.

for SG with regsrd to
mintenance if Code
Class 1, 2, or 3.

Materisl Integrity. Reference ASME
Codes.
Corrosion and Stress. None.
Genersl. Mone.
Must meet 10 CFR 50.55a Hone.

(i.e., meet ASHE Sec-
tion 11 requirements
for pressure boundaries).

Overall Integrity, None.
Reference ASME Codes.

Steam Generator Tube i1si
In-service Inspection

(GOC-32), Reference

to RG 1.43 and TS for

each NSSS supplier

(NUREG-0103, 0212,

0452).

In-service Inspection None.
of Class 2 & 3 components
(SG secondary side.)

WE and cleaning (Steam None.
Generator shell side)

with reference to

RG 1.37 for clesning.

Also 10 CFR 50, 50.55a,

and Agpendix A.

CURRENT INITIATIVES

Stordards Identifica-
tion Musber PuR.08 on
$Steam Generator (see

i

PEL

i

AGING MEEDS LIFE EXTEXSION MEEDS
COLLMA D

COMMENTS
Lo 9

N/A ?

Yes.

Yes.

*® Description: Develop UT techniques and 1S
program for detection and sizing of flaws in
stean generators.

T8 requires eddy current testing of $G U-tubes,
1GA effects on U-tube wall thickness could be
detected though the cause is not necessarily
inferred. Reporting requirements would have to
be expanded.

This 18 requires the requirements of 13 3/4.4.0.5

(ASHE Section XI, 1S1) to be applied to the Steam
Generator.

Covers construction anly.

ASHE Sec XI requirements may not be adequate
for deterioration.

Dossn't address specific 1ssues; Section (11
must be followed.

Inspection Program to detect aging; is it
offective? Doesn't prevent aging.

Program based on 10 CFR 50.55a end detailed
in Section X1.

Concerned with Class 2 & 3 components, therefore
enly shell side of 56. Mainly references other
documents to fol low.

-= Stesn Generator
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COMPOMENT
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(73

€176)

am

[§1;.)]

am
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SURVE ILLANCE (contd)

REG. INSTRINENT
——ewy

$RPs (contd)
)

Rt
1.83, Rev. 1

.88

1. 47

1.158

ASE
Section 111,
Subsection
"

Section X1

AGING FEATURES

Isplement OA program.

Eddy-Current of Tubes,

o explicit reference
to aging; sliows use
of ASME approved and
MG code cases appli-
cable to section 11,

o explicit referance
to sging; aliows use
of ASME approved and
MRC cocde ceses appli-
cable to Section XI.

ualitication for

inspection personnel.

Requirements-full-
strerngth and pressure
integrity.

Material and component
condition assessment.

Survel!lance.

LIFE EXTENSION
FEATURES

Monitoring.

The RG jsplies Life
exterwion by provid-
ing acceptance meth-
od for

(ASME) materials
acceptable to cur-
rent Code Cases.

The RG implies Life
extension by provid-
ing scceptance meth-
od for spproved
(ASME) inspection
methods using cur-
rent Coce Cases.

Monftoring.

Ref. info./Date
bases a3 they soply
to requests for
ticense extersions/
renewals.

Nou beseline
exmmination
requirement,

CURRENT INITIATIVES AGING NEEDS LIFE EXTENSION NEEDS COMMENTS
oL 7 _—. 1. K] coe 9
? None., SRP does not provide an in-depth description

from Steam Generator
Integrity Program.

26 revisions are
wade to include or
exclude sppropriste
Code Cases.

-

RG revisions are
wede to {nclude or
exclude eppropriste
Coda Cases.

ASHE Section XI
speciol Uorking Growp
developing perform-
ance demorwtretion
requirements for ET
inspactions.

None.

New Normendatory
sppendix on Record
Keeping has passad
the SUG-PLEX.

Better equipment end
methods for defect
detection, characteriza-
tion, and sizing needed.

¥/A

N/A

Better detection and
sizing of defects
needed especially for
crecks.

Hore sccurate informe-
tion needed on defect
typa s size to pre-
dict remining tube
integrity.

N/A

N/A

Need methodology for

qualifying €T inspec-
tors.

New guide to cover
Limit of deterioration
is needed.

Ref. info/dats
bases to support
exteansions/rensuals.

Evaluste a new

besel ine exanination
for License extension
recuests.

of OA requirsments and dossn't address sging
per se.

Rev.2 of #G 1.83 does not address pecformance
desonstration {ssues.

ASME Code Cases are not sandatory. Code Cases
provide & mechaniza to use siternate methods
within jurisdiction of the code. The cases
sre ususlly mperseded (snnuiled) by revisions
to the code, §.e., the csse becomes part of
the code. In other ingtances, the case may be
reversed or dropped a3 en appl icable method.

ASME Code Cases are not mendatory. Code Cases
provide a mechanism to use alternate methods
within jurisdiction of the code. The cases
are usually superseded (avwllied) by revisions
to the code, i.e., the case becomes part of
the code. In other inetances, the case may be
reversed or drapped es an applicsble method.

Rules cover construction requirements but do
not cover deterioration.

As materials and components sge,

the predictive cepebilities for physi-
cal end mechenical rty ch

must irprove. Since during & ptant’s
service life an increasing amount of
informetion/data witl be avaitable from
surveillence programs, better pro-
codires to evaluste and use this infor-
mation/deta must be developed.

-~ Steam Generator
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COMPONENT
Lot

«180)

(181

€182)

(183)

(184)

(185)

155UE
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SURVEILLANCE (cantd)

REG. 1NSTRUMENT
ol g

ASME (contd)
section X{

148-2500

AGING FEATURES

Allows for inspections
beyond 40 yeers.

Monitoring and Testing.

Wonitoring and Testing.

Information and Oats
for trend curve
projections.

Fatigus Failures.

LIFE EXTENSION
FEATURES

Changes to [nepec-
tion Plans A and

§ which ars cur-
rently based on 8
40-yesr operating
tife besed on tour
intervals, the sum
of which = 40,

information/Oats
for trend curves.

CURSENT (NLTIATIVES
— L O

AGING BEEDS
SO 7

SWG has inple-
manted revisions to
1MA-2400, which
will delete the
40-yaar limit cur-
rently contained in
Section XI. Also,
reviewing need for
more trequent
inspections.

Oevelopment of new
exam techniques to
detect age-related
degradetien end
fatigue being
considered.,

for trend curves.

Recorde-
Informetian/Dats.

Mticipate end
avoid fatigue
failures,

Canaidering hydro-
static testing

for aging effects.
S\ is comidering

for recordkesping.

Fatigue monitoring
technol ogy developed
ard demcnatrsted.
Several facilities
ars procesding.

Regulatory Guide
1.83.

Extended surveillance
beyond 40 years.

Information end Dats.

information snd Date.

Information and Data
for trend curves.

Experionce and test
dats for high-cycle
sffects.

Yeos.

LIFE ERTEXSION MEEDS

CONMENTS

Surveillance beyorsd
40 years.

Manitoring/testing
techniques.

Monftoring/Testing
technicques.

Records-
Information/Oata.

Reguiatory sccep-
tance of alternste

Lseus e Regutatory
Guide 1.03.

The fraquency of inspection should depend an
the degradation mechanfses snd the condition

of the component,

This Appendix would provide the
wtility ouners with guidence as to the
type of records which ssy be beneficial
{n supporting & \iceme sxtersion
roquest.

a) Failures unlikely from cycles considered
in design. Design approach {s conssrvetive.
Comp festures Included to preclude
fatigue failura. Cospanents have high
tolerance to flaws.

b) Fatigue cracking hes occurred during
operatfons:
« vibration; repid thermel cycling;
pre-existing flaws
» other conditions not considered in design.

3% fnspection 18 not adequete end full length
s nescied (tube sheet to tube shest). Current
cules require sequantiat 181, if flawls) sre

d. t.e., if hing is found, ']
size is incresesd.

-~ Stemm Generator




G2 111

COMPONENT
Loviem )

(185)

(187)

(188)

(189)

(190)

(312}

(192

193)

(19%4)

(195
(196)

I1SE
—coum2

SURVE ILLANCE (contd)

BEG. INSTRUNENT
o3

ASME (contd)
1Ve-3510

1ua-3512
v8-3516
1va-3519
1vs-3520

1wa-3521

1W8-2413,
2430
1u8-3430

Apperdix 1V

as1s
18

AGING FEATURES

Acceptence Standerd.

Acceptance Standard.

Acceptance Standerd,

Acceptance Stendard,

Acceptance Standard.

Yos.

Wone.

?

Visual examination is
the primery method to
detect degradation by
acid corrosion or
erosion/corrosion,

LIFE EXTENSION
FEATURES
o . I N

Acceptonce
Standard,

Acceptance
Standard,

Acceptance
Standerd,

Acceptance
Standerd.

Acceptance
Standard,

Yes.

CURRENT IWITIATIVES AGING NEEDS LIFE EXTENSION NEEDS ComENTS
p—:.ll_ N CoLumy 7 goLi 8 QoL 9
None. None. Eveluation and Guide
. for sllousble indica-
tions snd deteriora-
tion Limits should
be determined.
Mone. one.,
Mone. None.
None. Nons.
None. Mo,
Allowsble indication Amcurt of tubes plugged in & steam generstor
for U-bend flau s now could give guidence for license rentual,
40X through-wetl.
Growth rate shows this
is too high.

Yes. $hould heve increased exmmination program
ofter detection of flawes 3<1/2 years betwesn
examinations {8 now possible.

Reguiatory Guide Yes, detection and States that evalustion of cracks or IGA, etc.,
8. sizing of SCC and IGA, shatl be perforeed by snelysis acceptable to
regulatody suthority.
Apperdix IV rewrite in process.
This section of ASME (Section X1) may be
traneferred to Sectfon V. Section X[ will be
repleced with a performence demorstrstion and
qualificstion guideline. This 1s in the
process of being written now but could teke
two yesrs.
Hone. 1] 4 Stoem-Line broak with consequentiel smell LOCA.
Hona, Neod NOE for testing Mone., Bolting Degredetion or Failure in nuclesr plants
bolts and studs, Doss * priority « NIGN,
the inspection

~- Steaw Generator
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SURVE ILLANCE (contd)

REG. INSTRUMENT
oo g

GSls (contd)
35

A-12

A-15

USIA-47

LIFE EXTENSION

AGING FEATURES FEATURES

Locse part monitoring hone.
program.

Mitigate or reduce
stesm generator tube
degradation and
rupture.

Supplement Tube
Inspections.

§

?

|

Nane. ?

i

Lamellar tesring and
Los-fracture toughness
of steam generator and

resctor pLmp SUpport
materials.

Operation of Lkt None.
results in slow corro-
sion of interior metsl
surfaces of the primery
coolant system, These
are activated by neutron
flux when clrculating
through the reactor and
plate out. Radiation
\evels increase in the
primary system, thus
cosplicating routine
fnspection and
msintenance.

Detine generic criteria None.
for plant specific

reviews for steam

generator overfill

transients in PuRs and

reactor overfilla in

Buks,

CLRRENT INITIATIVES AGING MEEDS LIFE EXTEXSION NEEDS COMMENTS
— oL § — SN 7 LMY B COLUMY 9
None. 1 ? Degradation of Internal Appurtenances in Luls
* priority - LOW.
None, ? ? Steam Generstor Requiraments
* Four Items Priority - HIGH.
done, 7 ? Steam Generator Staff Actions
* priority - LM,
None. 7 ? Westinghouse Steam Generator Tube Integrity
* See WUREG-0371,
None. ? ? CE Stesm Generator Tube Integrity
* See WUREG-O3TY.
None, ? ? 8iu Steam Generstor Tube Integrity
* See MREG-037Y.
None, 1 ? Fracture Toughness of Steas Generator and
Reactor Coolant Pump Supports
* Solution made available in October 1983
with publication of MUREG-0577.
None. Assess impect of in- ? Primacy Coolant System Decontamination and
creases in radiation Steam Generator Chemical Cleaning.
levels on inspection
and minterance.
None. 4 ? Safety implications of Control Systems.

== Steam Generator
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(27

(208)

(209
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SURVE ILLANCE (cantd)

REG. INSTRUMENT
— o3

GSIs (contd)
8-60

5.37

5.3.10

AGING FEATURES

Presence of looke
cbject in primery cool-
ant system can be
indicative of degraded
resctor safety system
resulting from failure
or weskening component.

MNone,

LIFE EXTENSION
FEATURES

Review of plant

procedures/records
could give {neight
into deterjoration,

Review of plant

procedures/records
coutd give insight
into deteriorstion.

Review of plant

procedures/records
could give insight
into deterioration.

CURRENT INIVIATIVES AGING NEEDS LIFE EXTENSION NEEDS COMMENTS
— N1 oL 7 coLum 8 SOt 9
None. ? Parform trend analysis Loose Part Honitoring System
on loocse part monitor- * priority - RESOLVED.
ing data.

None. None. None. Quality Assurance documentation and/or records
are required to show and evatuate deteriora-
tion of & companent.

Hone. None. None.

None. Norw, None,

-- Steam Generator
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Understanding and managing

aging of PWR RCS piping and nozzles

Materials  Main coalant plpe

- Centritugally cast SS.Gr. CF8A snd
CFBM (W), Type 3048S and 316SS
{early W plants), SA-518 Gr. 70 (CE),

Pressurizer
spray line

Weld attaching sleeve
10 nozzle

SA-106 Gr. C (B&W) (connected Vent holes (2)
Fittings - Statically cast S8 - Gr. CF8A and to cold leg)
CFSM (W); SA-518 Gr. 70, Type 309L
S8 (CE, BaW); Type 308L SS (BW)
Cladding - Type 308L SS (CE, B&W) Thermal sleeve
Type 3041 SS (BAW sibows)
Surge and spray lines « Type 318 SS, cast S8 - Gr. CFaM
(surge line in some CE plants) Hot
Charging, ssfety injection, - Type 318 SS leg
snd residus} heat removal j Header {pipe wall)
fines '
Surge
Nozzies on main coolant - SA 105 Gr. 2 (CE), Type 304N SS (W) line
pipe
Cross-over leg
Sate snds - Type 316 S8, Incone) SB-168 (CE, BAW)
Thermal siceves < Inconel 5B-168 Reactor vessel o inuous rolled Spot welds (4)
$ & f‘r {{ P .M' d d vibration stratified " 22le-1h b
Ervironment fiows, thermal striping, vaive leakage, #nd TS Typical RCS piping for W 4-loop plant Typical sleeve y for a W plant
) UNDERSTANDING AGING MANAGING AGING
(Materials, Stressors, & Environment Interactions)
Sites Aging Concems Inservice Inspections, Surveillance, and Monitoring Mitigation

Nozzles and thermal sleeves
Charging
Safety injection
Surge
Spray

Low- and high-cycle
thermal and mechanical fatigue

NRC requirements

Volumetric and surface examination
of 25% of butt welds, including the

Recommendations
Pboihubudiitadebinddudishbintdindy

Perform more frequent examinations
of nozzie welds and horizontal
piping welds having significant

following welda during each inspecti
interval (10 CFR 50.55a, IWB-2500):

- All terminal ends in each pipe
d to )

Terminal end dissimilar
metal welds

(between carbon steel
components and stainless
steel piping)

Low- and high-cycle thermal
and mechanical fatigue

Surge and spray lines

Charging, safety injection, and
residual heat removal lines
to first isolation valve

Low- and high-cycle
thermal and mechanicat fatigue

- Ali dissimilar metatl
welds

- All welds having
cumulative usage factor
equal to or greater than 0.4

- All weids having primary plus
secondary stress intensity range
equal to or grester than 2.4 Sm

Same welds are required to be
H ted during each inspection

Cast stainless steel
piping
Hot leg

Cross-aver leg
Cold Jeg

Fittings
Surge line

Thermal embrittlement
« Coolant temperature
- Ferrite content and
spacing

- Chemical composition
of base metal

p
interval

Flaw evaluation
{10 CFR 50.55a, {WB-3000)

Leakage and hydrostatic pressure
tests (10 CFR 50.55a, IWA-5000)

Cycle counting of specified
design transients
(Tech, Spec. requirement)

Determine fatigus damage by on-line
monitoring of pipe wall temperatures
and coolant flows, temperatures, and
pressures in nozzles and horizontal
portions of piping subject to
operational transients, including
stratified flows and thermal sleeves

Perform nondestructive examinations
and loose parts monitoring to
assess status of thermal sleeves

Develop use of " ect
method to detect crack growth In the
base metal and welds

Develop techniq to it tual

degree of thermal embrittiement in cast
stainless steel piping:
- Analytical modelling of inservice
degradation
- Metallurgical evaluation to
characterize microstructure
- NDE to establish comelation
hat s ic att '
and fracture toughness
Monitor valve leakage in safety injection
and residual heat.removal lines

Develop UT to detect tlaws in cast
stainless steel piping

Maintain full flow in spray

line and operate it continuously
to prevent stratified flow

and thermal shock conditions

Redesign surge and spray line
piping by replacing short
horizontaf sections with sloped
sections to prevent stratified
flow conditions

Redesign piping to eliminate
deleterious effects of valve
leakage

Minimize valve leakage

Maintal ller temperature
differences between
pressurizer and hot leg
eoolants during heat up

and cool down

Maintain smaller temperature
differences between the
pressurizer and spray line
coolants

rev. 4

ra2e



¢ Al

COMPONENT
Lol 1

PRIMARY
PIPING
[}

)

(43}

(4)

)

%)

1SSUE REG. INSTRUMENT AGING FEATURES
RN - U1 T S— L .
STRESS: Crs
* STRESS CORROSION 10 CFR 50
CRACKING 16SCC
* WELOMENTS
8. FERRITIC DIS-
SINILAR METALS
OF SAFE ENDS
* FATIGUE
a. LOM CYCLE
FATIGUE
b, TNERWAL AMD
MECRANICAL
CSEE FIAST CONIENT
OF CoLUN 9)
5
3/6.0.5 & None.
34410
376.4.9.1.1 Primary sice thermel/
pressure cycles are
recorded during RCS
heat-ups and cool-
downs.
788 AlL
wrs
3.9.1 Meeting GDC 15: design
with sufficient smergin.
Also, GC 1,2,%;
10 CFR 50, Agpendix 8
(aC): 10 CFr 100,
Appendix A.
5.2.1.1 st meet 10 CFR 30.55a

(l.0., meat ASNE
section 111 require-
ments for prassure
boundaries).

‘General Wotes:

1. A M= indicetes further study/investigation (s needed.
2. for the GSls, "resolved™ means the generic safety issue is resolved, not necesssrfly the sging fssue.
3, for seaning of abbrevistions, scroryes, and initiatisme, used throughout, see acroryms on page xi, xif, and xiii of the report.

REGULATORY INSTRUMENTS REVIEW FOR PRIMARY PIPING

LIFE EXTENSION
FEATURES

— S

Nona, cycles asso-
ciated with start-
ups and shut-downs
are recorded and
counted,

None (except for
initisl margins).

CURRENT INITSATIVES
— . T

AGING NEEDS
LM 7

LIFE EXTENSION MEEDS

ldentify chvious
changes, such ss
§SC {n MUREG-031S.

None (Ses Comment).

Section X1 SwWG on Op-
srating Plant Criteria
is developing new nun-
mandetory appendixes
to sddress return to
service situstions
when 1Sa have been
sacesded.

Elininate applicable
unintentional esbecdded
40-ysar constreints in
Segulatory Instrusent
todes and standards,

Dapends on whether
Section X1 1$1 require-
mants/reports are
sdequmte vs. what neede
aore attention.

Cycles are recorded,
night be weful in
evaluating thermal/
pressure cycle history.

Gepencis on whether
Section X1 181 require~

Effactive methods to
mcnitor fetigus cycles
for megnitude and
effact over the com-
ponant's service Life.

COMENTS
U R

Fatipue is generic to all types of plants, end
causes and extent differ from plant to plamk. it
is also recognized that some unique aging problems
do exist between PRs and BiRs.

Forty-year constraints do not apply to slt aging
factors; i.e., fatigue is a cyclic phermars ard
could becoms excessive after 5 or 10 ysars of
aperation.

This T8 cecuires ASHE Section XI requiresmets
concerning 181 and maintenance for RS piping
(1M 1.5, 3/4 4.0.5).

EPRI-sponsored fatigue monitoring “Fatigue-

Pro* could lmpect the credibility of 14

cycle count cats. Fatigue-Pro {s reported to

be a measure of the severity of the cycles during
operation, i.e., many opecating cycles are less
severe than assumed during the cesign.

Evaluate trasionts used in the design and
fatigm salysis.

Doesn't specifically address sy one issue;
ASIE, Section 111, mast be followed.

-~ Primery Piping
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STRESS (contd)

REG. INSTRUMEMT
—CoLem 3

$RPs (contd)

[
1.947

ASE
Section 111

AGING FEATURES
Lot

Review suitsbitity of
waterials chosen. Per-
form tests (fracture

toughness). Review pro-
cocures of menufscture
wetding. NDE Section 111

W8-2500, #8-2550, snd
8-2570,

¥o explicit referance
to sqing; provides sn
WRC accepteble list of
approved ASME code

cases for Section XI.

Mo explicit reference
to eging; provides sn
MRC accepteble list of
spproved ASME code

cases for Sectien 111,

Fatigue.

LIFE EXTENSION
FEATURES CURRENT INITIATIVES
]

Sone. 7

The #G {eplies tife RG revisions are
extension by provid- mede to include or

(ASHE) inspection
methode using cur-
rent Code Cases,

The 20 fwplies (ifs RG revisions are
extension by provid- made to include or

materiats and test-

ing acceptable to
WRC staff.

equal ification

[ { A raw sppendix is
of components.

under consideration
which mey be used
to requalify com-
ponants which have
exceeded the rules
for cyctic opera-
tion in section
111, #8-3222.4. A
tesk group has
been formed to
address the fssue.
This ailso sppties
to Section XI.

farigue curve
revisions.

Section XI, SWG on
Operating Plant Cri-
teria is reviewing
fatigus curves in
section 111 to
deternine 1 they
can be revised to
accowmdate oper-
tion beyond 40
yoars,

WA

N/A

Evaluste new appendix,

LIFE nmsw;u:m

COMENTS
LOLU_ D,

WA

W/A

Requalification Rules
for comporants.

Twproved end-of-life
projections, 40 years
and beyordt

Covers all Reactor Coolant Pressurs Boundery
Materials

ASME Code Coses are rot sendetory. Code Cases
provide a mechaniss to use siternate sethods
within jurisdiction of the code. The cases
sre usiaily superseded (svulled) by revisions
to the code, 1.5., the case becoms part of the
code. [n other {nstances, the case sey be
reversed or dropped as an appl icable method,

ASHE Coda Cases ore not mendetory. Code Ceses
provide a mechanfem to use alternste methods
within jurfsdiction of the code. The cases
sre wuslly superseded (envulled) ty revisions
the code, §.e., the case becomes pert of the
coda. In other instances, the case may be
reversed or dropped a3 an appl {cable method.

Stuties are under umy to sesess the segnitude
of the effects of actusl erwirormental
conditions. Code curves sre besed on smooth
specimens in air st room tesperature, sheress
meterfsls in service have much rougher
surfaces and ere exposed to flowing coolant at
oparsting tesperstures. The actust surfeces
are more prome to crack initiation, Studies
ard] research to sssess megnitude of ef fect

of srwircrmental fectors could result in need
for new Regulstory Guide, Regutstory instru-
sents and/or code revisions.

== Primary Piping
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STRESS (contd)

(Not used)

REG. INSTRUMENT
—foe 3

ASME (conmtd)
Subgection
»

N

Section X!

ksis
1%

A-10

AGING FEATURES

Provides for design

loads affecting the

strength and integ-

rity of the pressure
boundary.

Condition Assessment.

1S3 have been
exceeded.

Cracking in high pres-
sury piping in P\Rs a8
& result of corrosion,
vibratory and thermel
fatigue, and dynamic
loading.

fatjgue fallure prob-
loms connected with
nozzle-thermal sieeve
assenblies.

1GSCC causedt leaks in
hest-affected zones of
the safe-end-to-pipe
welds.

Wk feedwater cracking
due to high-cycle
fatigue caused by
fluctuarions in weter
temperaturs within the
vessel in the nozzle
region,

LIFE EXTENSION
FEATURES
— oS

None-explicit;
provides rutes
for repair and/or
replacement of
code components.

Requst {fication of
systems and com
ponents.

CLRRENT INITIATIVES
— o

Consideration of
development of new
*Article !w-8000,
Requalification for
Fatigue Life.®

SWG on Operasting
Plant Criteria is
devaloping ned fon
mandatory appendixes
to address return to
setvice situations,
when 1Ss have been
exceeded.

None.

AGING NEEDS
| 7.

LIFE EXTENSION NEEDS
—SAUNE

COMMENTS
LI 9

Isplied in the design

criteria (see comments).

Cordition Assessment
Information/dete.

B8R feechater nozzle
cracking solutions

and/or improved repair

wathods,

Guidance is needed
to cover the limits
of cosponent deterio-
ration.

Requalification of
KEystews and Cosponents
foltowing expiration of
operating license.

None.

ASHE Code for Class | components-piping
design required when corrosion or ercsion

s expected; the piping thick shall be
increased over the other design requirements.
This allowance ghatll be congistent with the
specified dasign Life.

Rules cover design and construction require-
sents but do not cover deterforation.

PR pipe cracks

* priority « LOJ, RESOLVED.

* Corrosion cracking in lau-pressure piping
is sddressed in C-7.

Oetached thermal sleeves - The thermal sleeves were
installed in the safety injection accustator
piping nozzle connections to the reactor coolant
system cold legs piping. Foud at bottom of reactor
vessels.

Long range plan for dealing with stress corrosion
cracking in BWR piping - solution availsble.

-~ Primary Piping




G°AI

COMPONEN
COLUNN 1

(20)

21)

22)

23
26)

(25)

—m 2

STRESS (contd)

DYNAMIC EFFECTS
* VIBRATION
* THERMAL CYCLES

8. COMBINATION--
CORROS10M/
EROSION

REG. INSTRUMENT
—com 3

GSis (contd)
A-15

A-42

8-é

8-25
c-7

10 CFr SO,
Mopendix G
1, 11 and IV

LIFE EXTENSION

AGING FEATURES FEATURES
AMN &

Operation of LUR re- one.
sults in slow corrosion

of interior metal sur-

faces of the primery

coolant system, then

these products are

sctivated by neutron

flux and when circulated

through the reactor

plate-out occurs.

Pipe cracking due to None.
168CC of austenitic
stainless steel
components made SUS-
ceptible to this by
being sersitized by
post-weld heat treat-
ment of by sensitiza-
tion of a nerrow heat-
affected zone near
welds.

Through-well cracks None.
and fatigue crack
grouth.

? Nona.
Cosbinations of fabei- None,
cation, stress and
envirormental conditions
have resulted in
isolated {natances of
stress corrosfon crack-
ing of low-pressure 304
piping.

I$) progrems per ASME Mons.
Code requiremants.

CURRENT IMITIATIVES AGING NEEDS LIFE EXTENSION NEEDS COMMENTS
p— T X ool 7 coLLmm 8 oL 9
None, L4 ? Primary coolant system decontemination and
stesm generator chemical c¢leaning.
Nona. More effective WOE to Evatuste need to Pipe cracks in BRs
sssure shewnce of replace susceptible * Priority - RESOLVED,
1GscC, especially and/or weld-overlsy
under weld-averlsy repaired piping.
repaired areas.
Mone. ? ? Loads, (ocad combinatiora, and stress (imits.
* Priority - WIGH.
* See NUREG-2800 Supt.
None, ? ? Piping Benchmark Problems,
None. 7 ? PR System Piping
* Priority - RESOLVED.
None, 1SI coversge may need 181 criterie mey ba 181 research nesds should be identified.

to be incressed.

difterent for License
Reneunt .

Assisted effects (Note: exposure rstes in
oxt-vessel companents mey be too low to
cause an effect).

v Primary Piping
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28)

(2]

(30)

31

(32)

1SSUE
- U I S

DYNAMIC EFFECTS
{contd)

REG. INSTRUMENT
— 3

TSe
3/4.0.5 ¢
3/4.4.10

374,4.9.1.1

3.9.2

$.2.11

Aseé
Section 111
Subsection
[

AGING PEATURES

Hone.

RCS thermal cycles
are recorded during
heat-ups and cool-
downs.

Review the criteria,
testing procecures,
and dynamic snelysis.

Must mest 10 CFRt 50.55¢

(i.0., meet ASHE, Section

111, requirensnts).

to explicit reference
to aging; provides an
NRC accsptable list
of ASME code
cases appl icable to
Section XI.

No explicit reference
to aging; provides an
NRC acceptable l{st
of ASME approved code
cases applicable to
Section ILI.

Provides for design
requiremants for
impact (ceds, earth-
quake, vibrations,
RV thrusts, weigh

LIFE EXTENSION

FEATURES CURRENT [NITIATIVES AGING NEEDS LIFE EXTENSION MEEDS COMMENTS
oL 6 1 —CoLU) 8 . R
None.. None. Depends on whether Depercis on swhether This T$ requires ASRE, Section XI, requirements
section XI 1S require- Section XI IS1 require- concerning 1S and maintenance for all RCS piping
aents/reports are ments/reports are that is code class 1, 2, or 3 (1M T.5. 3/40.5).
adwqrmte vE. Whet needs  adequate vs. what needs
sore attention. ®ore attention.
None, Mone . Cycles are recorded. Ray need to svaluste
Night be useful in the thermal cycle history.
evaluation of thermml
cycle history.
None. ? None, ? Assure structural and functional integrity
wunder vibratory losdings.
None . done. Norw. ? Doesn't address specific issues; ASNE
Section 111 mmt be followsd.
The &G implies Life RG revisions are mede WA N/A ASME Code Cases are not sandetory. Code Cases
extension by provid- to include or exclude provide & mechanism to use alternate methods
ing acceptance meth- appropriate Code Cases, within jurisdiction of the code. The cases
od for appraved are usually supsrseded (anrulled) by revisions
(ASME) {nspection to the code, §.e., the case becomss pert of
methods using cure the code. In other fnstances, the cess may be
rent Code Cases. caversed or droppad ss an eppl icsble method.
The RG implies Life RG revisions are mmde WA N/A ASME Code Cases are not mercietory. Code Csses

extension by provid- to include or sxclude

::u'nccmm wath- appropriate Code Cases.
or

(ASME) Code Case

materials and

testing acceptable

2o NRC Staff.

None explicit;
provides rules for
repair and/or
reptacement of code

Iaplied in the
design criterie.

and the effects of
thersal expersion and
contratfon.

Guidence {s needed
to cover the limits
of cosponent deterio-
ration.

provide & mechanism to use alternate methods
within jurisdiction of the code. The cases
re usually superseced (armulled) by revisions
the code, f.e., the case becomes pert of the
code. In other instances, the case may be
reversed or dropped a8 en appl icable method.

ASHE Code for Class I components-piping
design required when corrosion or erosion

is expacted; the piping thickness shall be
increased over the other design requirements.
This allowence shall be consistent with the
spacified desion Lite.

Rules cover design and construction require-
mants but do not cover deterioration.

-- Primery Pipirg




LIFE EXTENSION

LRI

COMPONENT 1SSUE REG. INSTRUMENT AGING FEATURES FEATURES CURRENT INITIATIVES AGING NEEDS LIFE EXTENSION NEEDS COMENTS
e U0 T I - 1. IS .« 1., . I N - 1. N S 1] I S—. X ] coLLe 7 CoLm 8
ASME (contd) A new SWG on pipe The UG principelly spplies to secondary systems,
33 Section Xi Corrosion and Erosion. wall-thinning has ot prisery.
been established and
wilt review this The Section X1 Subgroup on Nondestructive Examina-
issue with EPRI. tion is currently developing a Code Case and non-
Hain area of concern mandetory appendix on UT Detection and Measurement
at this time is the of Erosion/Corrosion.
effect of erosion/
corrosion on piping ANSI/AMNE B-31G-1984, *"Maruml for Determining the
in non-nuclesr appl i- Remining $trength of Corroded Pipelines,”
cations (ANSI/ASME addresses non-nuclesr applicstions, but may have
B-31G-1984), the appl {cation to nuclear cawponents.
Remaining Strength
of Corroded Pipelines.
€34)
Gsls
35 % tracking in high pres- None. PUR pipe cracks
sure piping in PWRs as % priority - LOW, PESOLVED.
& result of corrosion, * Corroafon cracking in low-pressure piping
fatigue, and dynamic {s addressed in C-7.
loading.
(36) ke Fatigue failure prob- MNone. Detached thermal sleeves
lems connected with
nozzle-thermal sleeve * Thermal sleeves installed in the safety
assemblies. injection accumulator piping nozzle
cannections, to the reactor coolant system
cold legs piping, were found at the bottom
of resctor vessels.
an 8 1G5CC-caused Leaks in wons., Long-range plan for dealing with stress
heat-affected zones of corrosion cracking in BWR piping
the safe-end-to-pipe * Solution available.
welds,
(38)
39) A Water hammer incidents None. Water haswer

involving steam geners-
tor feed rings ard pip~
ing, emergency core
cool ing systems, RMR
systems, containment
spray, service water
feechater and steem
Lines,

= RESOLVED 3/15/84 with publicstion of
WUREG-0927. (Complete resolution of all
sater howmer probless remsins se 2
debatable question.)

-« primery Piping
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Louaw )

40)

(41)

142)
)
(bh)
(43)

(L]

({34}

(48)

1SSUE
— 1. I S

DYNAMIC EFFECTS
{contd)

(ot used)
(Not used)
(Not used)
(Not used)

STRUCTURAL INTEGRITY
* FRACTURE

» TOUGHMESS
* EMGRITTLENENT
* THERMAL
* SEIMIC (DAMAGE/
FATLURES
* HANGER, SNUBBERS
AND ANCHORS

REG. INSTRUMENT
—foliei 3

GSls (contd)
A0

A5

Cixs

10 CFR 50,
Appendix A,
General Design
Criteria (GDC)

Appendix A,

15s
3405 ¢
3/4.10

AGING FEATURES

R fesdwster cracking
dus to high-cycle
fatigue caused by
fluctuations in weter
tesperature within the
vessel in the nozzie
ragion.

Operation of LMk re-
sults in slow corro-
sion of interior metal
surfaces of the primery
coolent systea, then
these products are
activated by neutron
flux and when circulated
through the resctor
plate-out occurs.

Provides principal
design criteris for the
testing and performance
requirements for
companents .

Design of companents
should be accaaplished
with consideration for
natural ghencasna,
such as esrthquakes,
tornadoes, and floods.

LUFE EXTEMSION
FEATURES

Design is based on
historical data
from the time of
original license;
sccuracy and
information may
have been altered.

None,

CURRENT INITIATIVES

AGING MEEDS

N/A, dossn't change over
time,

Requiremets nay
over time. “Hatural®
svents may alter the
design base.

Depercis an whether
ASNE, Section XL 181,
requirements are
adequete vs. what needs
wore attention.

LIFE EXTENSION MEEDS COMMENTS
8
7 BWR feeduster mozzle cracking.
7 Primary coolant system decontamination and

steam gonerator chemical cleaning,

Does the existing

desfign (genaric or spect-
fic), meet the current
(pressnt time) acceptable
testing ard performance
stanciarce for Life ex-
tension?

Amalyses of current

known conditions as
applicable will be .
required.,

Generic or site spacific research may be Criterion 2
necessery.

Depends on whether
ASME, Section X1 151,
requiresents are
adecgaate VE. VWt needs
more sttention.

This TS requires the requirements of T.S. 4.0.5.
(ASME, Section XI; 181) be applied to RCS piping.

-~ Primary Piping
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Cowem )

(49)

0

(1))

€52)

{53)

(54)

(55)

(56)

I15SUE
—coumz

STRUCTURAL INTEGRITY
{contd)

REG. INSTRUMENT
—coum 3

153 (contd)
3/4.7.9

1Ss

]
3.8.2

oTP MER 3-1

[
1.31, Rev 3

LIFE EXTENSION
AGING FEATURES FEATURES

Requires periodic #ons.
testing of snubbers.

Review originel system None,
design adecuacy

system,

Stress and fatigue Wone.

linits; design require-
mnts; inspection of
welds.

Reference to ASME
Section 111 and @C
1,2,4,14,15.

Wone. (except for
originel design
margine).

Must meet 10 CFR 50.552 Mane.
(i.0,, meot ASME,

Section 11, require-

ments for pressure

boundaries).

Meeting requirements Hone,
of skP, Section 3.9.1,

3.9.2, 3.9.3, 5.2.3,

and

2.4,

Control of ferrite in done.
stainless steel welds
to Limft mfcrocracking.

CURRENT IMITIATIVES AGING REEDS LIFE EXTENSION NEEOS COMMENTS
__coump coLum_ 7 coLum 8 oL §
None, Might need to expand Could be mdified to

to include deed meight
supports, anchors,
ete., o Y.

ersure records are
adequete for LR

irnspactions are to be
the basis for hanger
evaluation.

wWorking Group on Cp-
erating Plant Criteris;
& proposed sddition to
Article [48-3000 of Sec<
tion XI would contain
rules and formulas for
performing an evalua-
tion of s component’s
fitness for continued
service shen either

1Ss or elements of

its constructiony
design limitations

had been exceeded.

None. Mone.,
? done.
? None.
Mone. Mone.
Mone. Hone
None, Oefine Level of ferrite

needed to resist envi-
roreentally assisted
cracking.

Determine Life expec-
tency of weld overisy
repairs.

This TS requires perfodic functionatl testing of
srubbers.

Mainly concernad with the es of a
pipe bresk (pipe whip and jet forces). By
tnowing whers and how a pipe s most Likely
to bresk, fmplies providing sdequate design
sargine to prevent such occurrences (f.e.,
the piping system is sralyzed thoroughly).

Sresks sre usunlly at points of high stress
and fatigue (terminel ends and nozzles).

Loading casbinetions, system operational
transients, and stress Limits.

Intent of RG 1.31 ussn't to specify ferrite
leval needed to resist cracking. Results
from EPRI AP T302-2 suggest currently
accepted fercite levels may be too low.

== Prisery Piping
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(58

(59

(60)

(1)

s2)

(63)

(6h)

1SSUE
— ey

STRUCTURAL INTEGRITY
(contd)

REG. INSVRUMENT
ol §

RGs (cantd)
1.46

1.147

ASE
Section 111
Subsection
L]

NC

Gsis
“

1ne

AGING FEATURES

Protection against
pipe whip insice
contairment.

No explicit refarence
to sglng; provides sn
NRC scceptable list
of ASME approved cade
cases appt fcable to
Section Xi.

Sesipn and toading
combinations for
seisaic Category i,
fluid systes cosponents.

No explicit reference
to aging; provides an
MRC acceptable List
of ASME

cases appl icable to
section 111,

Provides for design
requirements for
impect loads, earth-
queke, vibrations, &V
thrusts, weights and
the effects of thermal
expsnsion and
contraction.

Cracking fn high pres-
sure piping in PARs s
a result of corrosion,
vibratory snd thermsl
fatigue, and dynamic
toading.

LIFE EXTENSION

FEATURES CURRENT IMITIATIVES AGING MEEDS LIFE EXTENSION NEEDS COMMENTS
couy 8 Uiy P
Withdraun 3/1/785. None. Cast Stainless Steel is & goneric issus in primery
See SRP 3.9.2, piping systems, i.e., flanges, pump casing, etc.
The kG isplies Lite RG revisions are mede WA N/A ASHE Code Cases are not sendstory. Code Cases
extension by provid- include or exclude provide a mechaniss to use alternate methods
ing scceptance math- appropriste Code Cases. within jurisdiction of the code. The cases
od for apgproved : are usuelily superseded (ervwlled) by revisions
(ASME) inspection to the code, §.e., the case becomes part of
ssthods using cur- the code. 1n other instances, the case may be
rent Code Cases. reversed or dropped as an spplicable mathod.
Wi thdraun 3/1/85. None,
See SRP 3.9.3
The %G implies Life RG revisions are made N/A W/A ASWE Code Cases are not serxistory. Coce Cases
extension by provid- to include or exclude provide a mechanism to use alternate methods
ing acceptance meth- agpropriate Code Cases. within jurisdiction of the code. The cases
od tor are wustly superseded (envulled) by revisions
(ADIE) Code Case the code, {.e., the case becomes part of the
aaterisls and code. In other instances, the case mey be
testing acceptable reversed of dropped 88 an appl icable method.
to MRC staff.
tone explicit; Implied in the Guidence is nesded ASE Code for Class | components-piping
provides rules for design criteria. to cover the limits design, requires when corrosion or eros-
repair and/or of component deterio- fon is sxpacted the piping thickness shall
replacemnt of code ration. be increased over the other design require-
components. ments. This allowence shall be corsistent
with the specifiad design (ife. Rules cover
design and construction requiresents but do not
caver deteriorstion,
Hone. None, None. None. PR pips cracks
* priority - LOM, RESOLVED.
* Corroaion cracking fn Llow pressure piping
is addressed in C-7.
Long-range plan for desling with atress
corroaion cracking in SR piping.
None. None, None., None. Plping review comsittes recommendations - "No

signiticant change in puid [ safety will result
fram resolution of this issue.*

~- Primary Pipirg
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STRUCTURAL INTEGRITY
€65) (contd)

(68)

[{¢]

(68)

(4]

r

amn

PEG. INSTRUMENT
—lmn 3

GSls (contd)
A

A-10

A-15

86

AGING FEATURES

Vater hawmer incidents
involving steam gerwra-
tor feed rinos and
piping, smergency core
cool ing systems, RMR
systems, cantainment
spray, service water
feechater and stesm
tines,

R teeduater cracking

fluctustions in water
tempersture within the
vessel in the noxzle
region,

Operation of LW re-
sults in slow corrosion
of interior metat sur-
faces of the primery
coolant system, then
these products sre
activated by nsutron
flux and vhen circulated
through the reactor
plate-out occurs,

None.

LIFE EXTENSION
FEATURES

i

CURRENY INITIATIVES AGING NEEDS LIFE EXTENSION MEEDS COMMENTS
— LN coumm 7 COLUWN 8 coLtm 9
None. ? ? Vater hasmer
® PESOLVED 3/15/84 with publication of
WUREG-0927.
None. ? 7 R fesdater nozzie cracking.
None. 7 ? Primary coolant system decontemination and r
steam generator chemical cleaning.
None. Norm, None. Pips crecks in Bty
* Priority - RESOLVED.
None., Wonw, None. Loads, load cosbinations, and stress iimits
* priority - NIGN.
? ? 7 Piping Sencheark Problems.
Norw, L4 7 PR System Piping

* priority - RESOLVED.

== Primary Piping
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COMPONENT 1550
ol coz2

(12 CORROSION:

* WATER CHEMISTRY

* INPWRITIES

* INTERGRAMULAR
ATTACK (1GA)

* COMBINATION-~
CORROSIOM-~
EROSION

* IRRADIATION
ASSISTED 5.2.3
EFFECTS

CINCREASED RADIO-

LYTIC DECONPOS]TION

OF WATER)

{73)

{76

(75)

(76)

n

REG. INSTRUMENT
— o 3

CHes

10 CFR 50,
Appendix A,
General Design
Criteria (GDC)

3/4.4.4.7

AGING FEATURES

Provides principal
design criteria for com
ponent testing and per-
formance requirements.

Requires ASME, Section
XI, IS! for code class
1, 2, and 3 camponents.

Requires chemistry
control of the primecy
(RCS) coolant.

Must meet 10 CFR 50.55¢
(i.e,, meet ASHE
Section I1I require-
ments for pressure
boundaries).

Review suitahitity

of materials chosen.
NOE testing per ASME
Section 11, Ma-2500.

Process controls to
minimize sensitization
in stainless steel
welds.

LIFE EXTENSION

FEATURES CURRENT INITIATIVES AGING MEEDS
— LG

None. None, N/A, doesn't change

over time.

None, None. N/A

None. [ N/A

None. wone, None.

Sone . ? Nane.

None. None. Better understanding

of reletionship
between welding proc-
ess and sensitization.

LIFE EXTENSION MEEDS
-]

Does the existing

design (generic or speci-

fic), seet curcently
acceptable testing and
parformnce starciards
for life extension?

Depande on whether
reports/records of
ASHE, Section Xi, are
acequate to be useful.

RCS water chemistry
records are retained.
Parhaps useful in
svalusting piping his-
tory with regard to
(RCS).

Determine life expec-
tancy of sensitized

material and nuctear-
grade stainless steel.

This TS requires the requirements of 7.3. 3/4.0.5
(ASME, Section X1; 181} to be applied to code class
1, 2, 3 piping. (hote: class 2 &3 are generatly

not primary systems.)

RCS chemistry limits are shown below. Are these
adequate for the corrosion issue?

—ML ——k]m—.
(dissolved 0)*  <0.10 pm
Loy <0,15 ppm
F ) Q.15 ppa

/A if RCS temp. is <250°F,

Doesn't address specific issues; ASME

Section 111 must be followed.

Covers sll reactor coolant pressure boundsry

saterists.

NRC Program on “Evalustion of Welded and
Repair-Welded Stainless Steal for LR
Service” initiated work in this srea but vas
ot completed. A sall sffort may be ongoing.

-+ Primery Piping
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(80)

o

(82)

(L)

(84)

(85)

(88)

1SSUE

CORROSION (comtd)

REG. INSTRUMENT
—n 3

#Gs (contd)
1.56, Rev. 1

ASE
Section 111
Subsection
»»

asly
"

"

ne

A-10

AGING FEATURES

Control of weter
purity in BRs,

Provides for design
{oads affecting the
strength ard integ-
rity of the pressure

Cracking in high pres-
sure piping in Ps s
& result of corresion,
vibratory and thermal
fetigus, ond dynamic
loading.

Fatigue failure prob-
\ema connected with
nozzle-therml sleeve
sssamblies.

10SCC-coused lesks in
hest-atfected zones of
the safe-end-to-pips
welds,

Stress corroslan crack-
ing in stesn generator,

i

i

LIFE EXTENSION

FEATURES CURRENT IMITIATIVES AGING NEEDS
-1 X ] SO 7
Nore . AN programs on B\R  Better knowledge of

pipe crack remedies,

None explicit;
provides rules for
repair and/or replace-
sent of code
components.

H

i

LIFE EXTENSION NEEDS

i

§

stfect of impurities
on cracking.

Implied in the design
eriteris (see comments).

i

i

Life expectancy of
cracked pipes on
presence of ispurities.

Guidance is needed
to covar the limits
of componant deterio-
ration,

i

i

COMMENTS
Sousm 9

26 1.56 Limits only conchctivity, pN amd
chloride cantent of water. Other species
need to be considered, Recent research
suggests |imits sey not be tow enouph.
MREG-0313 includes guidel ines for BWR piping
€1asCC mitigation).

ASME Cocde for Class | components piping design
required uhen corrosfon or erosion is expected;
the piping thickness shall be increesed over the
other design requirements. This allowence shall
be consistent with the spacified design life.

Rules cover design snd construction require-
ments but do not cover deterioration.

PR pipe cracks

* priority - LOM, RESOLVED.

* Corrosion cracking in \ow-pressure piping
is sddressed in C-7.

Detached thermst sleeves

* priority -

* The thermal slesves installed in the
sefety injection accumulator piping nozzie
connections to the cold Leg piping were
found et the bottom of resctor vessels.

Long-range plan for dealing with stress

corrosion cracking in PR piping.
* solution avilsble,

Stress corrosion cracking of pressure
boundary ferritic steels in sslected
sowviromments.

Piping review committes recommercations - “so
significant change in public satety witl result
from resotution of this issue.®

Veter hasmer.

R feeckmter nozzle cracking.

** Primary Piping
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(88)

)

(90)

[C1M)

(92)

(93)

()

— 2
CORROSION {contd)

SURVE ILLANCE :

* TESTING

* INSPECTION

* NAINTENANCE ANO
REPAIRS

* e

REG. INSTRUMENT
— 3

Gs1s (contd)
A-15

A-42

-6

Criteria (GC)

Appendix A,
Criterion 2

Tse
3/4.0.5 &
3/4.10

AGING FEATURES

Operation of LAR re-
sults in slow corrosion
of interior metal
surfaces of the primary
coolant system, then
these products are
activated by neutran
flux and when circulated
through the reactor
plate-out occurs.

None.

Provides principal
design criteria for
the testing and per-
formance requirements
for components.

Design of companents
should be accompl jshed
with consideration for
natursl ghenomena,
such o8 eartl N
tornadoes and floods.

Requires ASME,
Section XI, treatment
of piping with regerd
to maintenance and 181
if code class 1, 2,
or 3.

LIFE EXTENSION
FEATURES

f

H

H

Oesign is besed an
historicatly data
from the time of
originel license;
accuracy an
information msy have
been altered.

hone.,

CURRENT INLTIATIVES

§

i

I

N/A, doesn't change
aver time.

Requirements may changs
over time. “Natural®
events asy slter the
design bese.

WA

LIFE EXTENSION NEEDS
]

COMMENTS
Soliom 9

Doss the existing
desion (generic ar
specific) mest cur-
rently acceptable
testing and perform-
ance standards for
life extension?

Analyses of current
known conditions se
applicable will be
reguired.

Primary cootant system decontaminetion and
steam generator chemical claaning,

Pipe cracks in BRks
* Priority - RESOLVED.

Loads, loed casbinations, and stress limits
* peiority - WIGH,
Piping Senchusrk Problems

PR System Piping
® Priority - RESOLVED

Genwric or site specific research msy be
necessary.

TS require the provisions of T.S, 3/4.0.5
(ASME, Section XI, Inservice inepection) be
applied to Code Class 1, 2 & 3 Piping.

-+ Primary Piping
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CONPONENT
Souem )

(95)

(96)

[$24]

(%)

[$2)

€100y

€101)

102y

18508
— w2

SURVELILLANCE (contd)

REG. |wSTRUMENT
— 3

T8s (contd)

17.2

1.45

1.58, Rev 1

187

AGING FEATURES

Must swet 10 CFR 50.55a
(l.e., moet ASHE,
Section 111, require-

Require 131 Program of
RCPR (GDC-32) to sssess
the structural end Leak-
tight integrity.

Imptement QA program.

Visusl frepection of
instrument Lirws.

Systems for detection
of leskege in the RCPR.

Quslificetion for
inapection personnel.

Mo expticit reference
to s9ing; provides sn
MRC acceptable List
of ASME spproved code
cases applicable to
Section Xi.

LIFE EXTENSION

FEATURES QRRENT INITIATIVES AGING MEEDS LIFE EXTENBION NEEDS COMMENTS
_Coum 3 — COLUMN § coum 7 coLLem 8 LOLUM 9
NSPE-12-4311 MPLEX Description: Perform wall thickness trending on
report to be pre- primery/secondery plping systems, Also requiressnts
pared on resctor for transient monitoring of primery piping high-
coolant pressure stress locations and thermel duty. Establish
boundary piping piping vibration and dynamic effects measurement
(see commnts), piping/sliding support locations for wesr/corrosion.
Could leed to TSs modifications of MC rule changes
or codes ard Standerds.
None. None. None. ? Dossn't sddress specific fssues; ASME
Section 111 must be followed.
tone, ? 7 7 Sased on requirements of 10 CFR 50.55a and
detailed in ASME, Section XI.
one. ? Wone. ? Doesn't sddress sging per 9e; just states
that & OA progrem is required.
Monftoring. sone., lone, Mone.
None., AL devel opment Correlste lesk rate None. ML hes devetoped an scoustic lesk monitoring
of scantic lesk with crack size to system from lsboratory experiments. The sys-
monitoring. define acceptence tom needs field validation.
timits.
Monitoring. ASME Section X! Batter detection snd Better training and

developing criteria
for demon-

sizing of crack-type

un’tTnn qelificetion
of inepectors.

The #Q implies Life RG revisions sre mede
extenaion by provid- to include or exclude

ing sccoptence meth- sppropriste Code Ceses.
spproved

od for

(ASME) inspection
methods using cur-
rent Code Cases.

/A

quslification pro-
cedures. Improved in-
spection methods for
coarse-grain saterisls
(weide, cat 38, otc.).

N/A

ASKE Code Cases sre not mardetory. Code Cases
provide s sechanism to use alternete sethods
within jurisdiction of the code, The cases
ore usually superseded (envulied) by revisions
to the code, {.e., the case becomes part of
the code. In other instances, the case may be
reversed or droppad as en appl icsble method.

~= Primery Piping




91° Al

COMPONENT
ol t

€103)

(104)

€105)

€106)

«107)

€108)

€109)

1556
—z

SURVEILLANCE (cantd)

REG. INSTRUHENT AGING FEATLRES
— ol

RGs (contd)
WUREG- 1661

ASNE
Section 111
N3-3600

section XI Materiat and compo-
nent condition

assessant .
survei Liance.

Allous for fnepec-
tions beyond 40 yesrs.

Monitoring and
tasting.

tnformation and
data for trend
projections.

LIFE EXTENSION
FEATURES

— s

Ref. Info./data
bases as they apply
to requests for
licence extersions/
rornvnls.

Nou beseline exami-
netion requiresents.

Changes to inspec-

.tion Plans A and 8

shich are currently
based on o 40-yeer

CURRENT INITIATIVES
— sl 6

LIFE EXTENSION NEEDS

NSPE-12-4240 MUPLEX
report to be pre-
pared on reactor
recirculation lines
(see commants).

Code requirements
updsted to include
transient consideras-
tions startup testing
for vibration and
thermal displacements
required.

See other colusns.

A new task group on See other coluans.
basel ine examinstion
has been establ ished.

SWG has implemented  Extended and/or
revisions to IWA- enhanced surveillance
2400, which will beyond 40 years.
delste the 40-year

operating Life besed Limit currently con-

on four intervals,
the sum of which
= 40.

Information/deta
for trend curves.

Records, inforwe:
tion/data.

tained in Sectfon X1.
Also reviewing need

for wore frequent and
extersive irspections.

Devetopment of new
axam, hnic to
detect age-related
degredation snd
fatigus being con-
sidered,

Information, deta,
and

A S is cormidering Information ard dete
development of & non-  for trend curves.
mandatory appendix

for recorckesping.

fef. Info/data
beses to suppoart

COMENTS
oL 9

Description: Increase recircutation piping
inspection intervels and percentages to
comply with WUREG-1061, Develcp crack prowth
curves for mstenitic ss in WMC enviromment,
considering InS] and other weld trestments,
Develop inspection/monitoring progras for
thermal esbrittiement of duplex cast $5 pump
and valve bodies.

Early plants designed to simplified criteria
of ASME VI and 831.1.

As materials and components age, the
puglcslv.o capebilities for physical and

Possible need to re-
quire & new besel ine
exsmination for a
license extension
recuest.

surveitlence beyord
40 years.

Monitoring/testing
techniques.

Records, intormation/
data.

rty ch sust fsprove.
since, during @ plant's service life, an in-
creasing amount of information/data will be
available from surveilisnce programs, better
procedures to evaluste ard use this informe-
tion/dats can and must be developed.

This appendix would provide the utility
with guidance as to the records needed to
support 8 Llicense extension request.

-+ Primary Piping




LIFE EXTENSION
COMPONENT 1350€ PEG. INSTRUMENT AGING FEATURES FEATURES
Loy com? 00 oolewd  __coumdé  ___coueMs

SURVEILLANCE (contd)  ASME (contd)

CURRENY INITIATIVES AGING NEEDS LIFE EXTENSION MEEDS COMpENTS
p—.U. ¥ ) oo 7 coLom §

CONS

LI°AL

(110) Fatigue failures, Anticipate end Fatigue monitoring Experionce and test Reguiatory acceptance #) Failures wntikely from cycles considered
avoid fatigue technology developed deta for high-cycle of alternate spproach in design. Design is comervative.
faitures. and demonetrated; effects. to design bases. [: features included to preclude

seversl utilities fatigus failure. Components have high
procesding. tolersnce to flaus.

b) Fatigus cracking has occurred during

operations:

« vibration

« rapid thermal cycling

+ pre-existing flous

« other conditions not considered {n design.

&Sis

mn % cracking in high pres- None. None. Hone. sone. AR plpe cracks
sure piping in PARe a8 * priority - LON RESOLVED,

a result of corrosion, * Corroslon cracking in low-pressure piping
vibratory snd thersml is sddressed in C-7.

fatigue, and dynamic

loading.

(12 e Fatigue failure prob- Hone. Norw. 1 ? Deteched therwal sleeves - The thermal sleeves
lems connected with instatied in the safety injection accumiiator
rnozzie-thermal steeve piping nozzle connectians to the cold leg piping
assenblies. were found at the bottom of reactor vessels.

113) 86 1GSCC-caused Leaks in None, $one. ? ? tong-range plan for desling with stress corrosjon
hest-atfected zones of cracking in Bk piping - solution available.
the safe-end-to-pipe
welds.

e m Stress corrosion crack- None. one. ? ? Stress corrosion cracking of pressure boundary
ing in steam generator. ferritic steels in selected environments.

M%) ne None. None. None. None. None. Piping review committes recomsandations - "Wo

significent change in public safety will result
from resoiution of this issue.*

[§313] A1 done., None. None, Nors., Wone. Water hammer.

n A-10 None. sons. Wore. None. Wone. R feschmter nozzle cracking.

-- Primary Pipirg
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COMPOMENT
Lol

[3)1)]

[3)17]

e

[§F1}]

(122)

185Ue
—— N g

SURVEILLANCE (contd)

REG. IKSTRUMENT AGING FEATURES
— g

GSls (contd)

A-15 Operation of LW re-

auits in slow corrosion
of interior wetal sur-
faces of the primery
coolant systes, then
these products ace
activated by neutron
flux and when circulated
throwgh the resctor
plate-out accurs,

A-42 None.
8-6 None.
8-25 ?

c-7 None.

LIFE EXTENSION
FEATURES

§

I

GURRENT (NITIATIVES

i

H

LIFE EXTEMSION NEEDS
— 1T

COMENTS
oL 9

Primary coolant system decontamination and
stean gerwrator chemical cleaning.

Pipe cracks in BRs
* Priority - RESOLVED.

Loads, load combinstions, and stress Limits
® priority - MIGH.

Piping Benchaerk Probless.

MR System Piping
* priority - RESOLVED.

=« Primery Piping
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EGU NSTRUMENT FOR PRESSURIZER (INTERNALS AND SUPPORT PIPING



T°A

Understdndlng’ and managing aging

of pressurizer, surge & spray lines etmentaton Heeter enclosed by
b Inconel sheath
Materials  Vessel + shell, A-533, GL B, Class |. nozzle Oted 9) slesve to ciad weid
Cladding, Type 304 SS & NI-Cr-Fe Alloy
Heater « Shesth, inconel Insulation MgO n Lower head (CS)
Circumferential
Fitings - cast 63 - Gr. CF8A and
CFBM (W); SA 516 Gr, 70, Type 306L weids , water Sleeve (NI-Cr-Fo)—1
SS (CE, BAW); Type 308L SS (B8W) lovel
Bushing
Cladding « Type 306L 63 (CE), Type 304L 83
[B3wW)
- Heater support
Surge line « Type 318 §9, cast SS-Gr. CFeM m,/ Sleeve to hester weld
soms (CE plants) #
Spray line + Typs 318 SS
Nozzies on main coolant pipe « SA 105 Gr. 2 (CE), Type 304 N SS (W) Surge line - P Erectrical heater
Therma! sieeve * inconel SB-168 . : M
Stressors Operational transfents, temperature, flow induced vibrations, Typical W pressurizer and connections Typical CE heater equipment
and stratified flows, thermal stripping, thermal shocks, heater
UNDERSTANDING AGING MANAGING AGING
(Materials, Stressors, & Environment Interactions)
Sites Aging Concerns Inservice Inspectlons, Surveillance, and Monttoring Mhigation
Nozzles and th ) s Low and high-cycle thermal NRAC requirements Pecommendstions Malntain full flow in spray fine and
! operate It continuously to prevent
* Instrumentation Eroslon Volumetric and surface examination of 25% of Perform more frequent examination of nozzie welds having stratified flow and thermal shock
* Surge butt welds Including the following welds each high cumulative usage factor. conditions
* Spray Inspection interval 10 CFR 50.55a, (WB-2500:
Determine fatigue damage by on-ine monitoring of coolant Replace horizontal section of spray
« Al dissimllar metal welds and piping temperstures, and flow rates in nozzles and fins with sloped section to prevent
Terminal end dissimilar metal Low-Cycle thermal and « All wekis having cumulative usage factor horfzontal portions of piping during operational translents, stratified flow condifon
welds (between carbon steel mechanical fatigue equal to or greater than 0.4 stratified flows, and thermal shocks.
components and stainless ¢ All welds having stress intensity range of Redesign plping to efim! velve
steel piping 248, Perform nondestructive examinations and locee parts leakage
monitoring to assess status of thermal sleeves develop
Same welds are required to be Inspected proved NDE method to detect crack growth in the base Preventitive or predictive
during each Inspection Interval metal and welds for heater reph
Cast stainless steel plping Low-cycle thermal and mechanl-
cal fatigue Flaw detection and evaluation 10 CFR Develop techniques to Ror actual degres of th J Use improved stem packing
« Surge fine Thermal embrittiement 50.55a, (WB-3000 embittisment, e.g., develop Improved NDE methods and materials
« Spray line Eroslon spray valve tools using magnetic properties measuraments and
« Valves Borlc acld Corrosion Leakage Hydrostatic pressure tests 10 CFR acoustic emission
« Fittings Stem packing/wear and 50.55a, WB-5000
degradation with age and Monftor valve leakage
service (ife ASME Section i, NB-3210 and ASME Section
Bellow degradation 0, st Develop UT o detact flaws on cast stainless steel piping
Cycle ting of specified design transients
Small LOCA via haater slement Tech Spec’s requirements
Heater shesth fallures and hester sleeve
* Cytcle counting of spacified design
transients
Vossol wal High and low cycle thermal « Leakage rates
fetigue + AT limhs for heatup/cooldown




2 A

COMPONENT
Loy
PRESSURIZER
CLIALTED YO
INTERNALS &
SPECIALITY
L1Ens)

m

@

6]

)

(&1

‘Ganeral Notes:

Issue
PR 1. T S

WEATER(S) PROGLENS

* THEMWAL THOUCED:
MECHAMICAL WEAR,
ELEMENT BURNOUT(S)

REG. INSTRUMENT
1. .

(General
statement).

10 CFR S0,
ix A,
Criterion 1

T5s
3/4.4.3

Sars
(Generat
statement)

5.2.4

AGING FEATURES

The RCPE shell be design-
ed, febricated and tested
30 & "low probability® of
Leskage and
gross rupture exists. The
criterion implies that
the design shatl accaunt

for mechanical degregation

of the heater shesths and
sleaves.

REGULATORY INSTRUMENT REVIEW FOR LWR PRESSURIZER VESSEL

LIFE EXTENSION
FEATURES

—_—CN G

Provides ch y tes-
toration requirements
for heater slemants.

Recuires 1S1 program
to sssess lesktight
integrity.

1. A ™ jrdicates further study/investigation is needed.

2. For the GSis, "resolved™ means the generic safety {asve 18 resolved, not necessarily the aging issue.

L y surveit-
lance could provide
record for pressure
cycles.

CURRENT INLTIATIVES
e

AGING WEEDS

LIFE EXTENSION NEEDS
XU 8

COMMENTS

Regulations are needed
that address aging of
pressure boudery comr

Pressure bouxiery inter-
nals of the vessels
shauld be addressed in
the regulations.

WA

SAR need to eckiress
failure mechanisas of
the heaters, {.e., {s
replacement the only
effective aging men-
agament procedure for
the heaters?

Provides for selacted
(ASME Section XI) code
frapection of walde for
the life of the plant.

3. For meaning of abbrevistions, acronyms, ond inftialisss, used throughout, see acronyms on page xi, xif, and xiii of the report.

Regulstions are nesced
that adiress license
rensusl .

Pressure boundery inter-
nals of the vessels
should be addressed in
the reguiations.

Provides & record of
heater replacemant, i.e.,
operating history good
or bad for the specific
pressurizer.

Recdundency and ease of
heater replacement should
be evslunted for ticense
rensusl criteris. Test-
ing of heaters ahauld in-
clude excesaive current
Leskage.

Verify that the {napec-
tion is adaquate for
Llicerss renavel.

The Code of Federsl Regulations (CFis) does not
explicitly sddress the internals of the pressurizer
or the vessel and supporting spray/surge piping.
Since the pressurizer is part of the RCS pressure
boundacy, the rules set forth by the CHt principetty
apply to the vessel shell, the supports and spray/
surge Lines for desipn, fabrication, operation and
precperationat testing. Applicable section noted for
the pressurizer degradation issues are implied aging
features for the internsls end associated piping.

failure of the hester sheath and heater slesve
have resutted in pressure boundary leaks. (Heater
burn-out (s not a safety issue as these may be
replaced, Nester leaksge, however, is a safety
fasus.)

Provides aging mansgasent by requiring replace-
mant of heaters to meintain a level of power
(heater) input capecity, i.e., the heaters must
aluays perform at » prescribed tevel, thus forc-
ing surveillance and repeir.

The pressurizer hesters are not explicitly sddressed
in the SaPs. Neater sleeve failures have resul ted
in pressure boundary RCS failures. Defective heat-
ars and poor design are the probeble causes for the
pressure boundary failures; however, aging may be »
factor In the failures, e.9., wearing snd thinning
due to rubbing action with supports caused by
thermal grawth. Although heaters are essy to
replace, a technical safety issue exists because of
the potentisl leaksge path that could result in e
primery contairment leak.

-+ Prassurizer Vessal




€°A

COMPONENT
coLUM 1

(O]

(4]

(L)

[$)]

€10)

«an

12y

185U
COLUMM 2

KEATERS (contd)

REG. TUSTRUMENT

RGs
(General
statement)

ASME Code
Section (11
(General)

clss
Gst 13

s
51.1-1983 PR

s8.11

T4

AGING FEATURES

None explicit.

More explicit.

Exterded overhesting of
hesters, cyclic fatigue,
and service weer.

Esteblishes the nuclear
safety criterie and func-
tionsl design require-
sents of structures,
systems, and components
of stationery ¥PPs.

Provides design criteria
for systems and equipmant
mecessery to achieve and
mintain a safe shutdon
of the reactor to cold
shutdown conditions from
o hot standby or post
accident condition.

Ability to perform safety
function due to the effect
of sging sust be addressed.
Types of sging inctude
vibretion snd weer.

Provides criteria for pro-
tectiors requirements for
Cless IE pousr systems,
Protection from electrical
or mechsnical demege or
failures within a time
frame too short for oper-
ator sction. Doesn't in-
clude physicel design
factora such s fires,
pipe whip, etc.

LIFE EXTENSION
FEATURES

— o 5

Wone explicit.

wone explicit.

Orfginal design
criteria could
support LR.

Addresses safety
functions that are
closely aligned
with aging if not
correctly con-
trolled, o.g.,
reactivity, RCS,
heat removal, and
RCS integrity
inctuding pres-
sure and inven-
tory control.

Acceptance snd
qulifying records.

CURRENT IMITIATIVES AGING NEEOS LIFE EXTENSION NEEDS COMMENTS
— U N oL 7 coLymm 8 COLUMN ®
? Revisions needed that Revisions nesded thet

oxplicitly sddress the
aging of plent compo-
nents and systess.

explicitly sddress
life extersion and
license ronswet.

? Assurence that the
current replscement
wethods/repair of
faited hesters are
adequste beyond the
plantts License
rensual date.

Effects of overheating Effects of pressurizer

dropped. on pressurizer relisbility on ticense
relisbility. extensfon.
? Nore. None.
? None. None.
? None. Nane.

Tha MRC Regulatory Guides (RGs) do not
oxplicitly sddress the internals of the
pressurizer,

At codes requirements are primerily
concerned with pressurs boundary integrity;
soms sections of the code, however, cover
other concerns, such es Section L1 NG
thet covers resctor core intermals, not
the pressure boundery.

Small breek LOCA from extended over-
heating of pressurizer heaters.

Operations, maintenance, and testing require-
|ants are coversd only to the extent that they
affect design provisions.

1EEE standerds 323 as opposed to other instruments
reviewsd recognizes the need for aging snd defines
steps to acdress aging such a¢ age conditioning
and maturel sging criteris.

The protection refers to sense command anvd execute
features, e.9., suitch gear protection standdy
power protection snd eurge protection. Protection
shall be designed to allow for periodic testing.

<= Pressurizer Vessel
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COMPONENT 1SSUE
o] coumm
HEATERS (contd)
a3
(14)
(15) SURGE & SPRAY LINES,
WOZZLE
* STRATIFIED FLOM,
TRANSIENT THERMAL
LOADS, THERMAL
SHOCK; RESULTING
IN LOW-CYCLE THER-
WAL FATIGUE
(16)
Qan

REG. INSTRUMENT
.17

1EEE (contd)
934

CRs
10 Crr 50,
Criterion 15

TSe
3/4.4.9.2

3.9.3

AGING FEATURES

Provides criteris for
replacement parts, both
construction and cpara-
tion. Requires inspection
aned testing of perts prior
to release for service.

Establishes recommended
practices to obtain deta
to qualify that the equip-
ment will perform one SSE
after an OBE. Included
are tests for vibrationsl
m3ing, seimic aging plus
normsl operation loeds.

RCS shall be designed for
sutticient asrgin to
assure that the design
condition not be exceeded
during normal operation
or anticipated operation-
al occurrences. This
eriterion implies that
thermal shock and other
factors in the design of
the pressure

should be included.

Provides for control
over the sproy water
ATs; restricts AT to
a wax. ditferential
of 320°F.

Addresses structural
integrity of pressure
retaining components.

LIFE EXTENSION

FEATURES CURRENT [NITIATIVES AGING NEEDS
1N E— 1K LU 7
Acceptance testing 7 None.
and records that
may be spplicable
to LR, e.9.,
failure review for
wear, fatigue,
original defects,
ineulation bresk-
downe, etc.

Acceptance and ? None.
qulifying
records.

Wone. ? Revision needed to
aging or life of plant
considerations.

Records for cycles. ? NA
Design in accord- ? None.

ance with ASME 111
& 10 CFR-50, General
Oesign Criteria
1,2,4,1% and espec-
fally GoC #15 that
stipulates the
design shatl have
sufficient margine
such that operations
including loading
combinations and
transients will not
exceed the original
design conditions.

LIFE EXTENRION MEEDS
-]

COMMENTS
oL 9

Revision needed to
ackiress opsrations
beyond the plant's
liconse rensusl dete.

Could provide a record
of cosponent service
applicable to License
conswsl, 1.e., hes the
service exceedsd TS
temperature Limits?

Are the original design
assupt fors vatid for
license renewal?

Standard determines selection of required parts
for Class 1€ equipment, ¢.9., identificetion and
failure review. Nowsver, required design changes
are outside the scope of this standerd.

Provides aging management by restricting the
tesperature ATs.

-- Pressurizer Vessel
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COMPONENT IsRE REG. JNSTRUMENT
et cotm colum 3
SURGE & SPRAY LINES Tss (contd)
(18 (contd) 3.9.1
]
9 1.167
€20) 1.44
ASE Code
[£4}] Section 111
(22) * erosion (well 8-3210 Specist
thiming) considerations
of M-1121
(section 111)

AGING FEATURES

Addresses fatigue and
stress and mesting the
requirements of 10 CFR-50
GC MS. Specificatly
address the scceptability
of the design reletive
the aumber of cycles and
events expected over the
lifs of the plant.

¥o explicit reference
to aging; however, pro-
vides an MRC

LIFE EXTENSION
FEATURES

Provides scceptance
criteria applicable
to License renswel.

The #G implies lite
axtension by pro-

tfot of lpprovd ASME
Code Cesss for Section
X1,

fepair of RCPE Lines.
Process comtrols to
wininize sensitizetion
in atainless stesl
welds.

Addresses fatigue.

Materfal sbject to
erosion, corrosion, and
mechanicsl sbrasion mst
bave additionsl wetl
thickness to accomnt for
these enticipated con-
corditions,

viding

msthod for spproved
(ASME) inspection
methods wsing cur-
rent Code Cases.

None.

Fatigue curve
revisions.

done explicit; how-

CURRENT INITIATIVES
—com §

AGING NEEDS
— Lo

LIFE EXTENSION MECOS
CoLiem 8

COMMENTS
QLU 9

RG revisions sre made
to include or exclude

sppropriate Code Coses.

Saction X1, SWG on
Opecating Plent Cri-
teria is reviewing
fatigue curves in
Saction 111 to deter-
rine {f they can be
revised to accommdate

that appropriste XI
committees investigete
more frequent NOE on
surge Line uelds then
currently required by
Sec. X1, 181,

?

design should provide
guidence for the ade-

quacy of the design

b-wnd the 40-year
intervel.

Verification of the
nmber of cycles and
events

/A

Better understanding
of the relstionship
betueen weiding process
ond sermitization fs
needed

Maesurement of meteriat
fatigue life.

lwplied in the design
eriteria.

Adecquete event records
ard opereting history
neaded. Nethods needed
to predict the svaitable
fotigun Life of the
spray/surge tines at the
ond of the plant's
License rensusl date.

WA

Determination of life
expectancy of serwitized
materisl and nucleer
grade stainless steel

is needed.

fsproved end-of-life
projections, 40 yeers
beyond.,

nd
thermsl transients sre
raeded to determine
fotigue damage to
spray end surge lines,

Suidence is neaded to
cover the Limits of
component deterforstion.

ASME Code Cases are not sendstory. This #G
presents a MRC staff accepteble (st of ASME
council spproved Mc-nuruulnimp«:-
tion end repaic of componants s required by
10 CFR 50, Appandix A, snd Section 50.55a.

MRC program on “Evalustion of Uelded and
Repeir-Ueld Stainless Steel for LWR

Service® initisted work in this sres but wes
not completed. A smali effort may be ongoing.

sStudiea are uxier way to assess the megnitude
of the effects of actusl enwironmentat
condittons. Code curves are besed on smooth
spacimans in air at room temperature, vheress
s materiatis in service have much

surfaces and are exposed to fliowing coolant at
opersting tesperetures. The actusl surfaces
are wore prone to crack inftiation. Studies
ond resaerch to sesess megnitude of effect

of srwironmental factors could result in need
for new Regulatory Guide, Regulstory instru-
mnts and/or code revisions.

#B-312% stotes "materiatl subject to thiming by
corrosion, erosfon, mechsnicet sbresion, or
other envirormantal effects shall have provision
made for thess effects during the design or
specitied Life of the component by a suitshls
incresse in or additfon to the thickness of the
bese metel over that determined by the design
formslas.*

Rules cover design send conatruction require-
sents but do not cover deterioration.

- Pressurizer Vessel
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(24)

25)

(26)

@n

(28)

29)

ISSUE

g
SURGE & SPRAY LINES

(contd)

SPRAY HEAD

* THERMAL 1MOUCED,
ENBRITTLEMENT

* EROSION

REG. INSTRLMENT
o 3

[

g
51.1-1983 Pur

58.11

CFRs

10 CFR 55a,
Codes and
Standards

TSs
3/4.4.9.2

Section 111

N@-3210 Special
considerations
of xa-3121
(Bection 111)

AGING FEATURES

Thermal stress resulting
from sustained operation
of NP1,

Estebl {shes the nuclesr
safety criterie and
functional design require-
ments of structures,
systems, and cumponents
of stationary WPPs,

Provides design criteria
for systems and equipment
to achieve ard
maintain a safe shutdown
of the reactor to cold
shutdoun conditions from
a hot stancby or post
accident condition,

Regulation refers to ASME
Section 111 for design of
class 1 components.
1splied that ercsion will
be addressed in piping
system cesign.

Provides for specific

AT (100°F) heatup and

AT (200*F) cooldown in
any 1-howr period and max
spray water differential
at 320°F.

None.

Material subject to
erosion, corrosion, snd
mechanical sbrasion sust
have sciditionsl wall
thickness to account

for these anticipated
conditions.

LIFE EXTENSION
FEATURES

None,

Original design
criteris could
sugport LR,

Addresses safoty
furctions that sre
closely ol igned

with aging if not
correctly controlled,
¢.9., reactivity, RCS
hest removal, and RCS
integrity including
pressure and irwen-
tory control.

None.

Records for cycles. *

None explicit; how-
ever, design should
provide guidance for
the adequecy of the
design beyond the
40-year interval.

CURRERT INLTIATIVES

AGING NEEDS LIFE EXTENSION MEEDS COMMENTS
7 COLUMN & —. 1 .
? Effects on pressurizer NRC concluced there is no direct safety
relisbility at plants implication of overfesding and over-
at which pressurizer cooling pressurizer with WPI,
has been over heated
and cooled.

None., MNone. 51.1 is for PuRs and 52.1 is for BWRs. The
stenderds are essentisily the same. Operations,
msintenance, and testing requiresents are covered
only to the extent that they affect design
provisions,

None. None,

Revision needed to
sckiress aging.

W/A

None.

Implied in the design
criterfe.

Revision needed to
address opsration

the plant‘s
license renewal
date.

Could provide a record
of cosponent service
applicable to license
renewal, f.e., has the
service sxceeded T8
temperature Limits?

Guidernce is needed to
cover the limits of
component deterioration.

Provides aging management by restricting the
tesperature Als.

ASME code requiremants are exclusively
concerned with pressure boundary
integrity.

N8-3121 states “Material subject to thinning by
corrosion, erosion, mechanical sbrasion, or
other environmental effects shall have provision
wade for these effects during the design or
specified Life of the component by a suitable
incresse in or addition to the thickness of the
base mital over that determined by the design
formutes.”

Rules cover design and construction require-
ments but do not cover deterioration.

-- Pressurizer Vessel
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34)
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36
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SPRAY HEAD (contd)

SHELL INTERNAL

* SHELL BARREL IN
STEAM SPACE: NIGH
& LOW CYCLE THER-
AL BENDING AT
WATER TO STEMN
INTERFACE

REG. INSTRUWENT
— 0L S

AGING FEATURES
COLUMN &

81 47

Crs

10 CFR 558,
et

Standards

88
3/4.4.9.2

2.1.1

2.1.2

Thermal stress resulting
from sustained operation
of wl.

Establ ishes the muclesr
safety criteria and
functionsl design require
mnts of structures,
systems, and components
of stationary WPPs.

Provides design criteria
for systems and equipment
necessary to achfeve and
mintain a safe shutdown
of the resctor to cold
shutdown conditions from
& hot standdy or post
accident condition.

Regulation refsrences
design in sccordance
with ASME Code Section
111 for class 1 compo-
ments. {wplied that the
design will address high-
and low-cycte fatigue,
berding stress, etc,

Provides for specific
AT (100°F) heatup and
AT (200°F) cooldown
in sny 3 hour period
and mex. spray water
ditferentisl at 320°F.

Establishes mandatory
high-temperature limjt
for the pressurizer
(highest resctor coolant
tewperature).

Estebl {shes sancetory
high-pressure Lisit for
the resctor coolant
system.

LIFE EXTENSION

LIFE EXTENSION WEEDS

Effects on pressurizer
reliability at plants
at uhich pressurizer
has been overfed and

FERTURES CURRENT INITIATIVES AGING NEEDS
1N COLMM 7
Mone, Nore. ?
cooled.
Originel design ? Rane.

criteria could
support LR.

Addresses safety
functions that are
clotely aligned

with eging if not
correctly controlled,
e.9., resctivity, RCS
heat removal, end #CS
integrity including
pressure and invene
tory control.

None,

Records for cycles.

Muto trip provides
of tramient
conditioms.,

Muto trip provides
records of tranaient
conditions.

Regulation revision

reeded to address

aging.

NA

N/A

N/A

Regulation revision
meeded to ackiress
operations beyornd the
plant’s License re-
newal date.

Could provide & record
of component service
applicable to license
renewal, i.e,, has the
service exceeded TS
temperature limits?

Could provide s record
of transient conditions
and monitoring of
cyclic events.

Could provide a record
of transient conditions
and monitoring of
cyclic events.

COMMENTS
SO 9

NRC concluded there is no direct safety
isplication of overfeeding and over-
cool ing pressurizer with WPI.

51.1 is for PuRs and 52.1 is for B\Rs. The
stenciarde are essentially the same. Operations,
maintenance, and testing requirements are covered
only to the extent that they affect design
provisions,

Provides aging mansgement by restricting the
tewpersture ATs.

Provides sging sensgement by establishing the upper
wsaterial temperature limits.

Provides aging senegemant by establishing the
high-pressure limits.

== Pressurizer Vessel
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COMPQNEKT IS5k REG. INSTRUNENT
Loael . _cote? 0 _otwd
SHELL INTERNAL s
(&) (contd) 3.9.3
38 5.2.2
(&) 3.9
ASKE Code
%0) Section 111

AGING FEATURES

Addresses structural
integrity of pressure
retaining cosponants.

Overpressure protection.

Addresses fatigus and
stress and meeting the
requirements of 10 CFR

50 GDC #15. Specitical-

ly address tha accepta:
bility of the design rela-
tive the maber of cycles
and svants expected over
the Life of the plant.

Requal {fication of
components .

LLFE EXTENSION
FEATURES CURRENT INITIATIVES AGING NEEDS
M6

UL 7

Design in accor- 7 Mone .
dence with ASHE

111 and 10 CFR 50
Gengral Oesipn
Criteria 1, 2, 4,
1%, 15, and espe-
cially GDC #15

that stipulates
the design shall
have sufficient
surgine such that
that oparations
including loading
loading combine-
tions and trens-
font will not
exceed the original
design conditions.

essure ? WA
protection,

Provides acceptance ? verification of the
criteris agplicable naber of cycles and
to License rencuat. ovents.

Recualification A new appandix is Evel neu i
of components. under cansideration
which may be used to
requalify components
which have excesded
the rules for cyelic
operation in Sece
tion 111, N8-3222.4.
A task group has
been formed to address
the fssue. This slso
agplies to Section XI.

LIFE ENTENSION NEEDS
&

COMENTS

Are the originel design
sssumptions valid for
ticensa renewal?

Probebly adequate for
ticanse renewsl for this
specitic event. Requires
protaction for the “life
of plant® events.

Adeuate event records
ard operating history
needed. Nethods are
nesded to predict the
available fatigue Life
of the pressurizer shall

st the end of the plant’s

ticense renswel date.

Recpual i fication Rules
for 8.

Review stipulates that overpressure protection sust
be available (safaty/relief valves) for the pres-
surizer 8110X of aliowsble pressure for transients
or operetionel occurrences one or more times during
the life of the plant.

“= Pressurizec Vesssl
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LIFE EXTENSION

COMPONENT 1SSuE REG. INSTRUMENT AGING FEATURES FEATURES CURRENT INITIAVIVES AGING NEEDS
CoLUMM ooLLMm 2 CoLum 3 coLLm 4 coLum 5 COLLMN & (..
SHELL INTERNAL ASME Code

[ (contd) (contd) Fatigue. Fatigue curve Section XI, 5WG on None.
revisions. Opersting Plant Cri-

teria is reviewing
fatigue curves in
Section LII to deter-
mine if they can be
revised to accommo~
date operation beyond
40 years.

{42) Section Xi Corxiition assessment. Recual ification Consideration of Cordition assessmant,
of systems ard development of new Information/date.
components., Article 1WX-8000,

Requal ification for
Fatigue Life. An ASME
WG has been forsed on
fatigue in WPPs, The
gosl of the ¥G is to
provide & mechaniom
for relief when the
fatigue design Limit
is reached. (The limit
would be determined by
devetoping monitoring
and evaluation
techniques. )

(43) GSl 47 Thermal stress resulting None. Nore. 14

from sustained operation
of WPl
AR
(44} 51.1-1983 AR Establishes the ruclear Originel design ? Wone,
52.1-1963 R safety criteria and criteris could
functional design require- support LR.
ments of structures,
systems, and components
of stationary NPPs.
(45) 8.1 Provides desion criteria  Addreases safety ? None,
for systems end equipment functions that are
to achieve and closely alfgnad

mintein a safe shutdown
of the resctor to cold
shutdown conditions from
® hot stenchy or post
sccident condition.

with aging {f not
correctly control(ed,
a.g., reactivity, RCS
heat removal, snd #CS
inteority including
pressure and fnven-
tory control.

LIFE EXTENSION REEDS
coLm A

COMMENTS
QO 9

teproved endt-of-life
projections, 40 yeers
and beyond.

Requatification of
systems and componsnts
following expiration of
operating license,

Effects on pressurizer
rel{ability at plants
ot shich pressurizer
has been overfed and
cooted.

None.

Studies are under way to sssess the segnitude of
the sffects of actusl envirormental conditiors.
Code curves are based an smooth specimens in air at
room temperaturs, shereas meterials in service have
wmuch rougher surfaces and are exposed to flowing
coolant at operating temperatures. The actual sue-
faces are sore prone to crack initistion. Studies
and research to sssess magnitude of effect of

of erwirormental factors could result in need for
new Regulatory Guide, Reguistory instruments and/
or code revisions.

MRC concluded there 18 no direct safety
iwplication of overfeeding and over-
cool ing pressurizer with WPl

S1.1 {s for Pums and 52.1 is for B\Rs. The
standards sre essentially the seme. Operations,
msintenmnce, snd testing requirements are covered
only to the extent that they affect design
provisions.

-+ Pressurizer Vessel
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CONPOMENT
Lol 1

(48)

47)

48)

(0]

{50)

[£3}]

1SSE
— 2

THERMAL SLEEVE(S)
* TMERMAL STRESS:
FAT 1GUE

CORROSION
* SHEATHES: CHEMI-
CALLY [NOUCED
1GSCC & FATIGUE.
© GENERAL: GORATED
COOLANT LEAKS
* BOLTING/CLORURES:
SCC, LUSRICA-
TION, MOISTURE

ENVIRONMENT

REG. INSTRUMENT
— o 3

15e
3/4.4.9.2

2.1.1

Section XI

X2k
2i
i

Ckas

10 CFR S5a,
Codes and
$Standards

AGING FEATURES
4

Provides for specific
AT (100°F) hestup and
AT (200°F) cootdosn
in sny 1-hour period
and mex. spray water
differential at 320°F.

Establ ishes mendatory
high-temperature Limit
for the pressurizer
(highest reactor coolant
tesperature).

Mddresses fatigue and
stress and meeting the
requirements of 10 CFR
50 GOC #15. Specifical-
ly sddress the accept-
ability of the design
retative the rumber

of cycles and svents
expected over the

life of the ptant.

Fatigue.

Establishes the ruclear
safety criteria and
functional design require-
ments of structures,
systems, and components
of stationary WPPs.

Regulation requires de-
sign, fabrication and con-
struction in accordance
ASME Code Section 111,
class 1 cosponents. Code
requires sttention given to
corrosion, erosion, envi-
rormental effects; this
isplies the regutation
addressas the aging issue.

LIFE EXTENSION

FEATURES CURRENT IN]TIATIVES AGING MNEEDS
——COLMN S COLUMN G COLLIN 7
Records for cycles. ? N/A
Auto trip provides ? N/A
records of trarsients
conditions.

Provides acceptance ? verification of the

criteria applicable
to License reneual.

fatigue curve Saction X1, SWG on

revisions, Operating Plant Cri-
terin s reviewing
fatigus curves in
Section 111 to deter-
aine if they can be
revised to accommodate
operation beyond 40
years,

Original design 7

criteria could

support LR,

None, ?

msber of cycles and
events.

Neasurament of material
fatigue life.

LIFE EXTENSION MEEDS
X1

COMMENTS
COLNN 9

Could provide a record of
t service applic-
sble to ticense renswal,
i.e., has the service ex-
ceeded 1S temparature
Limits?

Could provide a record of
transjent conditions and
monitoring of cyclic
avants.

Adequate event records
and operatirg history
needed. Methods are
needed to predict the
available fatigus tife
of the pressurizer sheil
at the end of A0 years.

Isproved end-of-{ife
projections, 40 years
ond 8

Accurats recording and
records for pressure &
thermal transients are
needed to determine
fatigue damage to
spray end surge lines,

None.

Pravides aging management by restricting the
temperature Als.

Provides aging menagemont by establishing the uper
saterial temperature Limits.

Studies are under way to assess the magnitude
of the effects of actust envirormental
conditions. Code curves are besed on smooth
specimens in air st room tesperature, wheress
materials in service have much rougher
surfaces and sre exposed to flowing coolant at
operating temperatures, The actust surfaces
are sore prone to crack initistion. Studies
and research to sssess magnitude of effect

of envirormentat factors could result in need
for rew Reguletory Guide, Regulatory instru-
ments and/or code revisions.

51.1 (s for Puks and 52.1 is for BiRs. The
standards sre essentially the same. Operations,
msintenance, and testing requirements are coversd
only to the extent that they sffect design
provisions.

lsprovements in the ASWE Code are needed to address
deteriorstion of materfals.

-~ Pressurizer vassel
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COMPONENT
COLUM Y

(52)

(s3)

{54)

55

(56)

(151

15%0E
— 2

CORROSION (contd)

REG. INSTRUMENT
-

i
5.2.3

ASHE Code
M8-3210 Special
corsiderations
of N8-3121
(Section 111)

GSI A-V4

Axs
$1.1-1583 AR

LIFE EXTENSION

AGING FEATURES FEATURES CURRENT INITIATIVES
cOLLMN & —_CoLuMy 5
Materisls are reviewed None, ?
for suitability for the
service. Review of
manufacturing and velding
is atso inctuded.
Defines Leak detection Should provide AWML has developed
mathods for RCP8 Leaks records of pest an scoustic method

that monitor potential
changes -in containment
envirorment, such as
increasing humidity,

Requirements fsplied
for the specific pressu-
rizer parts. The intent
of the code is bese
meterial subject to
erosion, corrosion, and
mechanical sbrasion that
sust have additional wall
thickness to account for
the anticipeted
conditions,

Plateout of activation
procucts; increase in
occupational doses.

Establishes the nuclear
safety criteria and
functional design require-
ments of structures,
systems, and companents
of stationary WPPs,

Provides design criteris
for systems and equipwent
necessary to achieve snd
maintain a safe shutdowun
of the reactor to cold
shutdown canditions from
a hot stanchy or post
accident condition.

plant conditions
and current leak
status for
evaluation of
license removal
applications.

for (sak monttoring.

tone explicit; how- ?
ever, design shoutd

provide guidance for

the adequacy of the

design beyond the

40-yeor interval.

AGING MEEDS

Is the current RG
position sdecuate for
aging manegement?

taplied in the design
criteria.

Long-term effects of
chemicel o "

None, lssus was resolved
upon i of
guidance to
utitities.

Original design ?
criteria could

support LR,

Addresses safety ?

functions that are
closely atigned

with aging if not
correctly controlled,
¢.9., reactivity, RCS
heat removal, and RCS
integrity including
pressure and jrwen-
tory control .

ation agents on the
primary coolant system.

None.

LIFE EXTENSION NEEDS

Wone.

1s the current RG
position adecuate for
ticense renewal?

Guidence is needed to
cover the limits of
component deter foration.
Adecuate sonitoring is
needed to detect boric
acid leakage and
corrosion.

COMMENTS
Cotime 9

The ANL scoustic laboratory experimentsl
methods need to be verified by field tests.

#8-3121 states "Material subject to thinning by
corrosion, erosion, mechanical sbrasion, or
other envirormental effects shall have provision
wnde for these effects during the design or
specified Life of the companent by a suitsble
fncrease in or addition to the thickness of the
base metal over that determined by the design
formulas.

Rules cover design and construction require-
ments but do not cover deterioration.

See WREG/CR-2963.

Operations, maintenance, and testing requirements
are covered only to the extent that they affect
design provisions.

-~ Pressurizer Vessel
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(62)

(63)

(64)

(65)
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I1SSUE
——co g

SURVE ILLANCE :

* TESTING

* INSPECTION

* MAINTENANCE L
REPAIRS

L

* IMFORMAT ION/DATA
~ FREQUENCY
~DATA COLLECT iou
~DATA EVALUATION
~TRENO CURVES
~RECORDING KEEPING

REG. INSTRUMENT
e g

CFas

10 CFR-50,
Apperdix A,
Criterion 32

10 CFR-50,
Apperdix B

10 CFR-55a,
Codes and
Standards

58
34 4028
4.0.5

6.0 (Adminis-
trative con-
trols) 6.10.1

6.10.2

het
g
”

17.2

AGING FEATURES
CaLUM &

LIFE EXTENSION
FEATURES
Coa 5

Regulation requires the
RPEC be desfigned to
facilitate periodic in-
spections.

Regulation requires a GA
plan for design, oper-
stions and testing.

fegulation requires 151
in accordance with ASME
Section XI.

Provides surveillance
intervals and references
ASME Code Section XI

for class 1 components.

18 with its surveillance
requirements dictate the
electrical heater cape-

city and water tevet of

the pressurizer.

Lists sandatary $-year
retention records list.

Lists mandatory life of
plant period for plant
retention records. Prin-
cipal interest is iten

6.10.2 o. uhich specifies

the record keeping time
for transisnts or oper-
ating cycles.

Requires IS] program
to assess leaktight
integrity.

Addressas meintenance
and testing relative
the implementation of

& Qual ity Assurance plan.

Inspection records
could establ ish in-
tegrity or candition
of the camponent.

QA documentation
Nill assist in
license rensual
process.

181 records will
assist in license
renewal processes.

Companent status
records.

Component status
records.

Provides record

history of compon-
ants and systems.

Provides record his-
tory of cosponents
and systems.

Records of mainten-
ance and testing.

CURRENT INITIATIVES AGING NEEDS
—COLUN & COLLMS 7

LIFE EXTENSION MEEDS
COLMN B

CONMENTS
COLUIR 9

? Provides for selected
(ASHE Section X1) code
inspection of welds for
the life of the plant.

? Is in-place QA plen
and record keeping
asdequate for aging
sanagemant records?

Verify that inspection
records are adequate for
License renewal.

Verify that the QA docu-
mentation is adeqmte for
current (icense reneval
Needs

181 intervals and excep-
tion allowed mey not
fully asddress license
renewal concerns or
requirements.

Records could be used for
licerwe rencwal, f.e.,
verify the history of
component integrity.

Records could be used for
license renemsl, i.e.,
verify the history of
component integrity.

May require longer reten-
tion period than 5 years
for principal inspections,
ftem 6.10.1.0b. and d. to
be agplicable for license
renewsl .

Could provide sufficient
information and records
for QA, 1S, water quatity
and others, including
specific records for com
ponent transient condi-

Should provide history of cospanent for license
renewal application.

tions, .0, TS table 5.7.1
t Cyclic or Trans-

"Componen!
fant Limits.”

1s inspection adecuate
for Licerss renewal?

Is the QA plan adequate
for license renswal?

Inspection are to be in sccordence with 10 CFR-50,
Appendix A, Criterion 32 and 10 CFR-55a and as
detailed in ASME Section XI.

The SRP does not explicitly address aging or
license renswsl, only that a QA pian is required.

-- Pressurizer vessel
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REG. INSTRUMENT
o 3

RGs
1.58

Safety Guide 30
(from RG 1.30)

ASME Code
Section X1
(general)

Section X1

AGING FEATURES
4

Establ ishes guidance
for the qualification
of WOE staff who
perform inspections,
tests and examinstions
for wPPs.

Establ ishes regulatory
position for QA require-
sents reletive to test-
ing of electrical
equipment.

Material and compo-
nent condition
assessmnt.

Survelllance.

Allous for inspec-
tions beyord 40 years.

LIFE EXTENSION
FEATURES
Ut

Provides document-
ation of staff
qualifications and
quality sssurance
records (of statf)
for the plant
o plan, f.e.,
records needed for
license reneual.

@A documentation.

Ref. info./dsts
bases as they
spply to requests
for extensions/
renewals.

Mew baseline exam-
ination require-
ments have besn
edtabl ished,

Changes to inspece
tion Plans A and
8 shich are cur-
rentily besed on &
40-ysar cperating
{ife besed on four
intervals, the sum
of which = 40.

CLRRENT INITIATIVES AGING WEEDS LIFE EXTENSION MEEDS COMMENTS
p— 1 X CoLNN 7 CoLum 8
? leproved qgmlification Isproved quel ification References ANSI #45.2.6-1978.
guidence mey be neces- guidance say be neces-
ssry to fully address sary for LR,
agtng concerns.
? None. None.

See other cotums.

keeping has pessed
the SVG-PLEX.

A new task group See other colums,
on bessline

examination,

SWG has implemented Extended and/or
ravisions to JWA- snhanced surveillsnce
2400, which witl bayond 40 years.

delete the 40-yesr
tinit currently con-
tained in Section XI.
Also, reviewing need
for sore frequent end
extensive inspections.
imepections. ASHE PLEX
SWG i also reviewing
imspection Plan A for
spplication to PLEX
orF should & newt plan
(ot higher relisbil-
ity) b devetoped.

Ref. Info/Data
Bages }o support ’

References 10 CFR 50, Appendix B, OA criteria
for

As materisls and comporents age, the
predictive capabilities for physical and

Possible need to re-
quire a new beseline
examirmtion for &
License extension
request.

Surveillance beyond
40 yesrs.

property st fmprove.
Since, during a plant’s service life, an in-
creasing smount of fnformation/dsta witl be
available from surveillance programs, better
procedures to evaluate and use this informa-
tion/dsta csn and sust be developed.
Stratitied flow and thermal shock are
mjor stressors in the base metal and welds.
Veld metal inspections alone are insufficient
for wachanical property chang

The ASME PLEX S\G 1a reviewing the Inepection
Plan A to determine if it shauld be wed.

-= Pressurizer Vessel
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SURVE ILLANCE (contd)
(72)

(73)

(76)

(75

(76)

(rn

(78)

REG. 1NSTRUMENT
Lot 3

ASHE Code
(contd)

Table 1wW8-2500

Giss
GS| 8-47

3.2

AGING FEATURES

Monitoring and
testing.

Information and deta
for trend curves
projections,

Fatigue failures.

wWeld integrity of
heater penetration welds
require visual fnspec-
tions,

Long-term degradation of
Class 1, 2, 3 cosponent
supports.

Provides criteria for
selection, quelification,
and training of personnet
for stationary nuclesr
power plants.

Provides recosmendstions
and requiremnts for ad-
ainistrative controls,
including written pro-
cedures, and QA progras
to help assurs that activ-
ities of NPPs are carried
out without risk to health
ond safety of the public.

LIFE EXTENSION
FEATURES

Information/Dats
for trend curves.

Records, Informe-
Data.

Anticipate and
avold fatigue
failures.

Records and accept-
ance standards.

IS1 requirements.

Provides record
an training of
staff,

Aduinistrative
in-place controls
will probably be
required for LR.
The sssociated QA
documantation witi
be useful for LR.

CURRENT INITIATIVES

Osvelopment of new
oxam. i

AGING MEEDS
) 4

Information, data,
and s

ques to
detect age-related
degradation and
fatigue being
considered.

WG is considering
development of non-
sandatory sppendix
for recordkeeping.

Fatigue monitoring
technology developed
and demonstrated;
several utflities
proceading,

1ssue wes
from further
consideration.

Information and data
for trend curves.

Experience and test
dets for high-cycle
sffects.

Frequency of
examination.

Characterize long-term
degradation of com-
ponent supports.

None.

LIFE EXTENSION MEEDS

Monftoring/testing
techniques.

Records, information,
and data.

Regulatory scceptance
of alternate approach
to design bases.
Addition of fatigue
curves to high cycles
is needed for Life
extension.

Justity the change in
181 intervat. (The
existing froequency may
not be sufficient for
License renewal.)

Level of ISI inspec-
tion needed to verify

adequacy of supports.

None.

None.

COMENTS
CoLLM 9

This Appendix would provide utilities uith
guidance as to the records nesded to support
a licerns extension requast.

a) failures unlikely from cycles considered
in design. Design spproach is conservative.

t features included to preclude
fatigue failure. Components have high
tolerance to flaws.

b) Fatigus cracking has occurred during
operating:
+ vibration
o roplid thermatl cycling
+ pre-existing flaws
« other conditions not considered in design.

Section XI in Table IMB-2500 specifically
addresses the pressurizer; however, only

the pressure vessel, piping, nozzles, bolts and
hydrostatic/leakage tests are addressed. The
code does not address the pressurizer
internals.

NRC referenced ASME Code, Section Xi and
QA Program before dropping issus.

Among the activities coversd under this standard are
design changes, fabricating, cleaning-decontamina-
tion, inspecting, testing, maintaining, and
repairing.

== Pressurizer Vessel
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DOMPONENT
COLUMN 1

(M

(80)

8)

LYFE EXTENSION

FEATURES CURRENT INITIATIVES
— o

LIFE EXTENSION MEEDS
coLM 8

COMMENTS
couwe 9

Originat design ? Nona.
criteria could
support LR,

I1$SUE REG. 1NSTRUMENT AGING FEATURES
_CoLtem 2 coLum 3 COLUMN &
SURVEILLANCE (contd) NS (contd)

51.1-1983 pur Esteblishes the nuclear
safety criteris and
functionsl design require-
ments of structures,
systems, and components
of stationary WPs.

58.11 Provides design criteris
for auip
necessary to achieve and
mintein & safe shutdown
of the reactor to cold
shutdown conditions from
& hot standby or poet
accident condition,

[€EE

33 Pravides minimm re-

quirements for inespec~
tion and testing of
Class IE power,
instrumentation snd
control equipment dur-
ing construction phase.

ore closely

aligned with aging
it not correctly
controtied, e.g.,
reactivity, RSC hest
removal, and RCS
integrity inctud-
ing pressure and
inventory control.

Records of con- ? None,
struction sey be
oppl icable to LR.

None.

s the design criteria
velid for LR?

None.

Operations, muintenance, and testing requirements
are covered only to the extent that they affect
design provisions.

Provides a criteria for correct installation which
could effect aging aspects of the oquipment after
start-up snd operation. Class IE is equipment that
is essential to emergency shutdosn, contsirment
isolation, RCC, and CHR.

<= Pressurizer Vessel
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REGULATORY INSTRUMENT REVIEW FOR EMERGENCY DIESEL GENERATOR
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Understanding and managing aging s e | " DS Ml
H Cover se ve
of emergencey diesel generators TP e G Rocker Am
) Exhaust Vaive Bridge
Principal Diesel Engines In Nuclear Serv i Shat Exhaust Valve Spring
‘Manufacturer : Fuel Maniold ]
ALCO Injector Adjusting Link ) Exhaust Vaive
Injector Control Shatt
Allis Chalmers Infector Rack of Cylinder Head
Caterpillar CySnder Test Vaive Piston
Cooper Bessemer Thrust Washer
Fairbanks Morse Fuet Injector Piston Camier
Electro-Motive Division Cylinder Head Crab Bolt Piston Pin
Nordberg Ak Infet Ports C / c"m’:l
et Dl e Lo,
o sno n Water Injet Jumper : N x it Drain And Vent
Materials: (typical) Water kit Mantiold ‘ i G‘;&%.. Cover
‘Alloy steeis, weided steel plates, castiron includng, Main Lube On Manfld / : [~ Piston Cooling
pray, aluminum, stellite seats, forged steels, Fork Connecting Rod = = ~ P,m?m,,
ductive lrons, non metallic gaskets, hoses, seals 00"';6"2:0: ':”"" e ¥ : O Mandtold
el Main Beering "A” Frame B \,gon Pan
Capacities: ) /
HP 215 to 670 per cylinder or 800 HP to 8390 HP Wain Bearing Cep T A O covet
KW ratings 50, 500, 1200, 3000, 6000 Crank shaft Oil Level Gauge
Stressors: Crankshaft Counterwaight Strainer Bo
—————— raines Box
Cooling water, lubricating o, fuel oil, starting air,
intake and exhaust, deterioration, dynamic stress,
vibration, thermal fatigus, wear and harsh testing ' Typical Diesel Engine Croes Section
UNDERSTANDING AGING
(Stressor & Enviroment Interations) MANAGING AGING
Sites Aging Concerns Inservive Inspection, Serveillance Mitigation

+ Instrument and control systems | « Environmentally induced: dust, water,

Governor heat, oil, chemical, stc,
Sensors « Maintenance errors: inadequate training,
Relays maladjustments, etc.
+ Startup component « Fast starts and other regulatory induced
¢ Fuel system factors
Piping on engine » Design inadequacy, wrong application,
Injector pumps of poor component
+ Starting system + Operation induced: inadequate training
Controls and skills
Starting air valve » Vibration induced
Starting motors « Fuel or lubrication degeneration
Air compressor « Gasket, seal, or organic material degeneration
* Switchgear system « Inadequate spares; quality, strorage, ordering
Breakers probleme, data and specifications
Relays « Comrasion, oxidation
Instrument and controls * Thermal stress
» Cooling system » Manufacturing or quality problems
Pumps » Fatigue not related to vibration
Heat axchangers * Metal fatigue
Piping - Wear
* Lubricating system « Bacteriaf action
Heat exchangers
Pumps

Lube oil

NRG Requirements

* RC 1.9...surveillance, maintenance, periodic testing

+ RG 1.108...routine testing, maybe with drawn due
to RG 1.9 revisions

« General letter 83.41..."fast cold” starts

* 10-CFR-50, appendix A, criterion 4, 5, 17, 18 &4 50
... periodic testing

« 10-CFR-5, appendix B, section XI requires...
components & system to perform satisfactorily

« 10-CFR-50, 55a Codes A Std - ASME BPVC
section Ill, IX, IEEE STD 279

+ TS 3/4 8.1 surveillance/inspection for operation &
shutdown status

+ GSI B-56-improve refiability of Eng.

« |JEEE standard acceptable for use by NRC-RG 1.9

Integrated EDG program of testing,
inspection, monitoring, trending
and maintenance activities:

«» Testing/trending, change testing
to a slower start test and
acquisition of these testing
parameters for trending

* Improved inspection of weekly,
monthly, and yearly to determine
envioronmental stressors more
effectively

» Maintenance responsive to test
& inspection, 0.9., do notover haul
unless inspection and trends
indicate the need

« Increased training for EDG
Staff in on-site maintenance

« Systen modifications to mitigate
siressors
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COMPOMENT 1350
Loy colg2

ENERGENCY  CYCLIC FATIGUE,
DIESEL 1MCLUDTNG VIBRATION
GENERATOR  AMD SERVICE MEAR
m

@

3

[L3]

(5)

(O]

(14

‘General Notes:

REG. INSTRUMENT
—l 3

CHs
10 cer S0
Apperdix B

Appendix A

ASME Code
Section 111
Section X

AGING FEATURES

Section XI of Apparxiix 8
recuires test program to

correctly.

General Design Criteria
including eriterion 2, 4,
5, 17, 18, and 50. Of
these, 18 is most legor-
tant as it provides aging
guidsnce by requiring
periodic testing and
inspaction to evaluate
companent cordition.

EDG lub oil system -
review addresses

starts or lack of lub
during starts. The S&P
requires 8 dedicated
systes for westing perts.

Regulatory position for
design, constnction and
operation of WPPs; aging
features iaplied.

£0Gs by definition are
Class 1,2, and 3
cosponents; however, the
EDGs sre not pressure
vessels or plping, etc.

Design base criteria for
Class IE squipment to
anable thes to mest their
functionsl requiremants.

Ability to perform safety
function cue to the ef-
foct of aging must be ad-
dressed. Types of aging
include vibration and
waar.

1. A "" indicates further study/investigstion is rweded.
2. for the GSls, "resolved® mesns the generic safety issue 1s resolved, not necessarily the aging issue.
3. For meaning of abbrevistions, scronyms, and inftialisms, used throughout, see ecromyms on page xi, xif, and xi{f of the report.

REGULATORY INSTRUMENT REVIEW FOR EMERGENCY DIESEL GENERATORS

LIkE ExTensION
FEATURES
—ON S

Provides records
o ormance
history for EDGs.

Provides records
and performence
history for E0Ge.

Provides an
acceptable desipn
base for passible
18

Mcosprance and
qualifying
records

CURRENT INITIATIVES
—lem 6

Interpretation of
this CFR may change
1f the suggested
revisions to 1.9 ace

WA

AGING NEEDS LIFE EXTENSION NEEDS COMMENTS
SOLUN & QoL 9
None. Ars test documents/ Roquires that witten test procedurss that address
records adecuste for LR?  proof test prior to inetallation, precperational
tests prx] operational tests.

None. None. 10 CFR 50, Appendix A GDC, criterion 17, requires an
onsite EDG to provide onsite power to safety-related
components and systems.

None. The records (history) of

the EOG should indicate
adequete performmnce to
permit use beyond 40
yesrs.

None. See cosment. Refers to JEEE stenderd 308-74 as acceptable
criteria for design, general operation, and testing
of WPs. The RG does not address license renewal.

None, None, The ASME codes as required in 10 CFR 50.55a marciste
15l. These requirements rarely involve EDG unless a
specific part is designed and merufactured in
accordance with the Code.

None., None. Includes power systess, e¢.g., diesel generators:
design base incliudes malfunctions, accidents or
operating modes that could lead to degradation of
the systess, Malfunctions sre defined as netural
ph , 0.9., wwir  factors of pressure,
humidity, tesperatures, and accidents, e.g., fires.

wone. tane. 1EEE standerd 323 as opposed to other instrusents

reviewed recognizes the need for aging and defines
steps to address aging such as age conditioning and
netursl sging criteria.

«- Emergency Diesel Generstors
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COMPONENT

(L)

(£}

(414

an

1SSUE

EXTERNAL EWVIRON-
MENTAL FACTORS,
INCLUDING:

+ CHENICALS

o WMIDITY

MATERIAL OW
RELAYS/CONTACTS

o NATURAL PHEMOM-
ENA-EARTHQUAXES,
FIRE AND FLODDS,
ETC.

REG. INSTRUMENT
o 3

1EEE (contd)
387

Chig
10 CFR 50.49

10 CFR 50,
Apperdix A

~

AGING FEATURES

Provides principel design
criteris for EOGs to mest
their functionel require-
sents under design base
conditions.

Provides thet senviron-
mental specifications be
submitted for electricat
safety-related equipment
that acdress enviren-
montat fectors, w.g.,
sging, radistion, temper-
stures, and migity, and
other conditions, e.9.,
loss of ventiletion,
vitrations, and plpe
breaks.

GC of Appendix A includ-
ing 2 end 4 require
design bese for matural
phenomene, ¢.9., floods
and sarthaquake, end
wissiles, 0.0., EDG must
be competible with normal
operation, accidents and
postuleted aissiles, and
pipe ship.

Refers to 10 CFR 50 ooC,
Criterion 2, “cowponents
{mportant to safety being
dasigned to withstand the
affects of mwricanes,

ing snd evalueting
hydrologic festures of
the site.

LIFE EXTENSION
FEATURES CURRENT IMITIATIVES

LIFE EXTENSION NEEDS
COLIvM B

COMMENTE
Q0L 9

Provides sn 1EEE 387 is current- Nons,
acceptable dasign Ly being revised,
base for possible  Witl incorporste
i». 1EEE Standerd 749
requirements. JEEE-
387 stready sentios
og9ing and sging wen-
sgement techniques.

Addresses sging ? Norw.
and degradetion

{ssues applicsble

ta conditions of

plant for LR.

Mdress natural N/A More.
phenceans.

Original design Mone. "ore,
cormiders flood

design and locsl

precipitation,

f.e., this will

provide records

history. A flood

history up-dete is

ateo required.

Are the spacification
sutticient for current
resl-tise conditions?

1s tha plant's current
stetus the same or hes &
charge in seimmic cote-
gory developed since
original license?

Ves the originel design
e for current

conditions, .e., hes

the history changed?

Provides the ainimm service requirements for the
design staff (ARE) including operstionst cycles,
operstional hours, temperstures (mex. and min.),
seismic respones, radistion, humidity, air quetity
etc., i.e,, sll the corditions that shoutd be con-
sidered in the design. Fortyseven (47) design snd
sppt ication comiderations sre given in the
standard.

The CFR principelly provides the criteria for the
original design. The CFR doss not address the sging
fssues.

-- Emmrgency Diesel Generators
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(1)

13

14)

(15)

(16

«“un

EXTERNAL ENVIROM-
MENTAL FACTORR
(contd)

REG. INSTRUMENT
—~ ol 3

$RPe (contd)
3.2

n

74

9.5.4

9.5.6

AGING FEATURES

Refors to 10 CFR 50, Ap-
perdin A, @C, Criterion
2, for seimmic classifi-
cation to withstand
earthquakes without &
toss of ability to per-
form safety tunctions,
Aso refers to 10 CFR
100, Appendin A, for the
pertormance (S5E),
{ncluding standy diesel
generator muilfary
systems.

Provides for review snd
acceptance of internal
and external missite
protection for safety
requiced for safy st~
down of the plant. This
ultimately mitigates
dumage of degradation to
the EDG system from
missiles.

Providea far acceptance
criteria stipulating that
tha mech "

LIFE EXTENSIOM
FEATURES

The protection
nust be for the
Life o the ptant.

Provides records
for anvirormentsl

will perform satisfac-
torily for the "length of
time* for which its func-
tion is required for

Provides acc

criteria of instrumen-
tation and cantrols.
Refers to 10 CFR 50, GC
and 1EEE 279 for design
basis for naturst pw-
fomers and arwironmantat
concerns.

EDG (starting) engine
fusl oit - review deter-
mines the quality of the
orgine fusl ofl, System
should be free from ofl
degradetion to prevent
angine faitlure.

EDG engine atart-systea -
review requices deter-
mining the adequacy of
the quality and condition
of the air supply.

Clean, dry air required.

P and
qualification.

Provides accep-
tance critecia
records. See
table 7.1, "Accep~
tance Criteria,®

Provides accep-
tance criteria and
records.

Provides records
for systes stetus.

CURRENT INITIATIVES
— g

N/A

AGING NEEDS LIFE EXTENSION NEEDS COMMENTS
7 TR SOl 9
None, Verify that the compo- The CIR principally provides the criteria for the
nents sefsmic categories original design. The CFR doss not address the aging
have not charged. issue.
Norw. None, unleds design base These requirements are principsily start-up

$hould be specitic in
stating that acceptence
shoutd be meintained
over the Life of plent.

should be specific in
stating that acceptance
shauld be msintained
over the Life of plant.

has changed to warrant
sdditional protection
from missiles.

Acceptance criterie
for \R.

Acceptance criveria
nesded for LK,

Acceptance criteria
needed for LB,

Accoptance criteria
for

roquiremants, tut remsin in effect for the Life of
the plant.

This is principally an sccaptence criteris stendard;
the $aP doss not address tha Life of plant fesues.

Although the SAP doss not discuss eging or LR, the
AP requiraments should be useful to aging manage-
ment end LA §f adequate records are mintained for
the \ife of the plant.

Althaugh the SAP doss not discuss aging of LR, the
WP requiremnts should be wsatul to aging menage-
want end LA 1 the requiresents are met and sdequate
records are maimained for the Life of the plant.

Although the SAP doss not discuss sging or LR, the
$2P requirements should be useful 1o aging menage-
ment srd AR {f the raquirements are met and adequete
records ore meintai for the Lite of the plant.

-+ Emergecy Disssl Gensrators
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COMPONERT
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18

(317}

€20)
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22y

23

(24)

(25)

ISSUE
—coum g

EXTERNAL ENVIRONMENT
FACTORS (contd)

REG. INSTRUMENT
—Coum 3

SRPs (contd)

1.100

section 111
section XI

2.1

an

AGING FEATURES

EDG engine lub system -
lub oil temperasture Pust
e maintained.

£0G must be designed for
seismic category 1 for
SSE accurrences.,

Seismic quatifications,
principles, procedures
and methods.

EDGs by definition sre
Class 1, 2, and 3 com-
ponents; however, the
EDGs are not pressure
vessels or piping, ete.

#inteum instrumentation

ground motion to provide
evalustian of dets
vhether or not vibratory
motions have been
axceeded,

Nethodology 18 described
to evaluste the flood
having virtusliy no risk
of excesdence that smy be
caused by precipitation
and snowemlt and dam
failures.

Defines the type of tim-
ing of plant osner activ-
ities required in the
avent of en earthqueke
and includes specific
procedures for the evalu-
otfon of records obtained
from seimic instruments-
tion specified in ANS-
2.2-1978.

Provides guide{ines thet
sltow reactor designers
to select hazerds, ®.9.,
netursl, man-made of
conhinstions of hazards,
that effect the design of
system and compormnts.

LIFE EXTENSION
FEATURES

System records.

Instrumantation
should provide
records of plant
service.

Records of plant
activities thet
smy sssist in LR,

CURRENT INITIATIVES AGING NEEDY LIFE EXTENSION NEEDS COMMENTS
p—. . ] couem 7 CoLiom § COLNM D
None., WA The originel design
must be adequets for
current known seismic
conditions or postulated
conditions.
Hone. WA LR questions should be Refers to JEEE Standderd 344-87.
sddressed in the 4.
None. Norm. Wone. The ASME codes ae required {n 10 CFR 50.55¢ sandete
1$l. These requirements rarely involve D6 unless a
specific part is designed and merufactured in
accordence with the Code.
N/A None. Mone.
WA Nore, done.
WA Nons. None.
WA None., None.

-- Emergency Dissel Germrators




9°IA

@n

(28)

w»

30

(41 }]

EXTEANAL ENVIRON-
MENTAL FACTORS
(contd)

INTERNAL CREXICAL

PUYSICAL PROCESSES,

ND CORROSIOW:

« CORROSION [N AIR
START SYSTEW

* THERMAL SHOCK

REG. INSTRUMENT
— o3

1EEE
308

a7

9.5.7

3.5.8

AGLNG FEATURES

Design base criteria for
Class 1E squipment to

enable thes to meat their
functionat reqgiitements.

Addresses ability to
pacform safety function
due to aging, including
factors of natursl and
envirormental conditions
that mst be sdiressed.

Establ ishes recommended
practices to cbtain duta
to qualify that the
squipment will perform
one SEE after an ORE.
Incluted sre tests for
vibrationsl aging, seis-
aic aging plus normel
operation loads.

Provides principal design
criteria for £DGs to mest
their functional require-
ments under design base
conditions.

E0G engine lube system -
review determines if the
lub systes prevents
deleterfous material from
therssl shock entering
the Wb oil system.

EDG air inteke systes -
review determines that no
engine degradetion witl
be experienced during
Saxima pouer output
(continuous) settings.

LIFE EXTENSION
FEATURES

Provides an accep-
table design base
for possible LR.

Mcsptance ard
qualifying
records

Acceptance and
qual ffying
records.

Provides an accep-
table design base
for possible LR,

fecords of accep~
tance criteria.

Records of accep-
tance criterfa.

CURRENT JHITIATIVES AGING NEEDS LIFE EXTENSION MEEDS
—U 6 SO 7
? Hohe. Bone.
? None, Hone.
? one, Nane.
Standerd is being None. Mone.
revised by 1EEE
working group 4.2.
Nonwe. None. Neads acceptance
criteria re-astablished.
? None.

criteria re-established.

COMMERTS
SO 9

Includes power Systems, e.9., diesel generators;
design bese inclices malfunctions, accidents or
operating aodes that could lead to degradatian of
the systems. Malfunctions are defined as natural
phenceens, e.p., safthquakes and floods, snd
postulsted pt e9., wwvir L factors of
pressure, mmidity, tesperatures, and sccidents,
e.g., fires.

16EE Starciard 323 8 opgposed to other instruments
reviewsd recognizes the need for aging and defines
steps to address aging such as age conditioning and
mtwrsl sging criteria.

Provides the sinimm service requiremsnts for the
design staff (ALE) including opsrational cycles,
operational hours, tespsratures (max. end min.),
selemic respunes, radistion, hueidity, and air
quelity, f.e., all the canditions that should be
congidered in the desipn. Fortysaven (47) design
and appl ication considerations are given in the
stondard.

-~ Emergency Diesel Generators
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34)

35)
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ISSUE
o 1. I SR,

INTERNAL CHEMICAL
PHYSICAL PROCESSES,
AND CORROSION
{contd)

SURVE JLLANCE ;

« INSPECTION

o EXCESSIVE, NARSH
AND FRECUENY

TESTING

* MALADJUSTMENT/
MISALIGNMENT

s UNNECESSARY
DISASSEMBLY FOR
INSPECTION

REG. INSTRUMENT
o 3

ASNE Code
$action 11§
$ection Xi

387

3/4.8

3/4.8.1 oper-
ating status
ot 374.8.1
shutdown status

AGING FEATURES

EDGs by definition are
Cless 1, 2, and 3 com
ponents; however, the
EDGS are not pressure
vessels or piping, etc.

Provides design bese
criteris for Cless IE
squipment to ensble them
10 meet their functional
recpsiremants.

Provides principel design
criteria for E0Gs to mest
their functional require-
wents under design base
comditions.

Ability to perform safety
function due to the
effect of aging must be

. Types of
aging include thermal
corditions.

None,

Surveillance efforts
would detect an inoper-
sble generstor by virtue
of the necessity to
assure en opersble
generator; mansgement of
»oing is implied.

LIFE EXTENSION

FEATURES CURRENT INITIATIVES AGING WEEDS LIFE EXTENSION NEEDS coenTs
. (0 B —. 1N ] _CoLue 7 CoLtom § coueem 9
done. ? fone, Hone. The ASME codes as required in 10 CFRt 50.55s mendste
135.  Thess requiremsnts rarely involve EUG uniess a
specific part is designed and mnutectured in
sccordence with the Code.
Provides sn accep~ 7 None. Nona, Includes power systems, ¢.9., diesel generators,
table design bese design bese includes melfunctions, sccidents, or
for passible LR. operating modes thet could lesd to degredation of
the systems. PMatfunctions are defined ss naturel
ph . €.8., erthg and tloods, and pos-
tulated gh 8.9., snwvir L factors of
pressure, humidity, tesperatures snd sccidents,
e.g., fires,
Provides sn accep-  Standard is being Nona. Hone, Provides the minimum service requiressats for the
table design bese  revised by IEEE design steff (ARE) jncluding operationsl cycles,
for possible tR. working group 4.2. operstionsl hours, temperatures (sax. and min.),
seismic response, radistion, humidity, air quelity
etc., i.0., all the conditions that should be
considered in the design, Fortyseven (47) design
and spplication consfderstions are given in the
standerd,
Acceptance and 7 one., None., 1EEE Standard 323 as opposed to other instriments
qualitying revieved recognizes the need for aging and defines
records. steps to ackdress aging such as sge conditioning and
matural sging criteria.
None. PHL staft through The TSs should consider  Provide evidence that Oescribes minfmat AC electrical power requirements
the NPAR program 29ing mechanism/aging the T$s are adequete for  for opersting and shutting down plants.
Technicsl Specifi- issues, License renausl, i.0.,
cation Aging Task | are changes needed {n
are addressing the the T3s for LR?
TSs for sging
manegement.
Inspection Mora. Mot sppi {cable. Records of meintermnce
records. inspection coutd provide

avidence for extended
use of the dieset
ganerator.

-« Emergency Diesel Generators
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(38)
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140y
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(42)

(43)

(44)

1SSUE
—aenz

SURVEILLANCE (contd)

REG. INSTRUNENT
——fiN S

SaFs

8.1 Appendix
8-A

ATP ICS8(PSE)-8

a3

8.3.1 atP-8
(PS8)

9.5.5

9.5.6

9.5.4

9.5.7

AGING FEATURES

Use of generator for
pesking power s not
allowed; prevents use of
generator in nonemergency
situations.

Provides review and
acceptance criteris for
operation of stand-by
QENRTAtOr Sets, espe-
cially as related oper-
ation at lass than full
toad with no degradation
for extendad periods end
that no load conditions
shall be minimized.
Stipulates that staff
training, testing, pre-
ventative maintenance end
repair procedures will be
maintained.

Provides restrictions for
using the EDG for peak
power situations and
restricts overuse of the
£06.

EDG engine cooling water
system - review deter-
aines the of in-
spection and testing of
the cool ing water systea.

EDG starting system -
review detersines ade-
quacy of the inspection
and testing of starting
system.

06 fuel oil system -
review determines ade-
quacy af {nepection and
testing of fuml oil
system.

6 engine lub systes -
review determines the
adeqpmcy of the inspec-
tion and testing of
engine lub system,

LIFE EXTENSION
FEATURES

should provide
record of use,
f.e., total

service hours.

Provides records
for acceptance of
stancd-by power
supplies.

Linits degradation

should provide
adecpuacy records
and status for
cooling weter sys-
tom reletive to
(TS

should provide
records

ond status for

starting system.

should provide
records

and status for
fuel oil systems.

Should provide
records

and status for

wgine tub systes.

CURREMT INITIATIVES AGING MEEDS
— & oL 7
? WA
None, Is the acceptence cri-
teris useful for long-
torm assurance that the
€06 will be retisble,
nat degrade over time,
None, Norwe.
v None.
1 None.
? None.
? ore.

LIFE EXTENSION NEEDS
-1

COMENTS
~COUBY 9

N/A

For LR, the required
meintenance training
mut be shown to be ade-
quate for requelitica-
tion of the EDGs.

For LR, the required
operating restrictions
must be shoun to be
useful for life
extension.

hone.

The SxP does not specificatly address aging or LR;
housver, strongly implies aging menagement and LR
because the SkP states the EOG shatl not be sub-
jocted to degradation. This mey be assumed to cover
the Life of plant et beyond.

The BIP provides aging menegement by specifically
restricting the use for pesk power needs and
controlling nonemergency use of the EOG. The 8TP
addresses the prevention of common failure mode of
the EOG a¢ relatad to mein or of f-site power,

Although the SiP does not explicitly discuss aging

of LR, the requirements should support (R
if te records ere meintained throughout the
Life of the plant.

Although the SRP doea not explicitly discuss aging

or LR, the requirements should support LR
if adequate records sre maintained throughout the
lite of the plant.

Although the SRP does rot sxplicitly discuss aging
saragemant or LR, the requiresents should support LR
if adequate records are meintained throughout the
Life of the plant.

Although the S&P does not eaplicitly discuss aging
saragesent or LR, the requirements should support LR
if adequete records are saintained throughout the
Lits of the plant.

-~ Emsrgency Diesel Generstors
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SURVEILLANCE (cantd)

REG. INSTRUWENT
w3

$*Ps (contd)
9.5.8

13.2.1

1.41

1.58

AGING FEATURES

E0G engine combustion -
review determines the

of the inspec-
tion and testing of
engine combustion system.

Operators end other
nonl icensed plant steft
training - the plant
steff are to be treined
to uee the EDGs correct-
ly. This implies aging
management

Provides quelification
and perfodic testing,
test schedule snd sur-
vaillsnce end meintenance
guidance.

Eatebt ishes regulatios
for QA relative to
testing of electrical
equipment. References
ANST WA3.2 and IEEE-336.

Refers to oversil general
criterion for NPp
operation,

Provides guidance for
testing after a major
wodi flcation.

Establ ishes guidance for
the qual ificetion of WE
steff who perform inspec-
tions, tests and exemina-
tion during the opera-
tions of WPPs.

Establ Ishes thet the EDG
design should aliow test-
ing. The RG also defines
the periodic precpers-
tionat 18-wonth testing
recuiressnts.

LIFE EXTENSION
FEATURES

and stetus for the
engine combustion
systen.

$hould provide
plant staff per-
formence training
records, {.e.,
adecuacy of cur-
rent staff.

Provides records
ond records -
keeping criteria
and reporting
criteria.

QA documentation.

twplied by
documentation.

Provides records
history of new
wmodifications.

Provides documen-
tation of staft
qualification and
OA records, f.e.,
what is the stetus
of past WDE
performance?

Estebl ishes guid-
ance for records
and recordkeeping.

CURRENT (NITIATIVES
—Loum ¢

AGING NEEDS

LIFE EXTENSION NEEDS
coLLm 8

COMENTS
LOUMN 9

oy be impacted by
NPAR EDG studies by
mC

The NRC intends to
delete #G 1.108,

Guidelines will be
in revised #G 1.9,

moditicacion of fest
start testing, start-
run-cooldown require-
mants sre reeded to
reduce aging stressors.

WA

Testing should be
changed to & slow stert
to swoid fest-start
stressors.

Are the current records
up to date for present
statf for sdecuete LR
documentstion?

Current status/condition
of the equipment should
be sddressed for LR.

$tatus of records and
recordkeaping method
need to be verified for
L8

A need exists to deter-
mine if the exiting

records and OA documen:
tation sre sdeqmte for

Isproved and less
stresstul sterting
procedures sccompanied
by & progrem of per-
formence menitoring and
trending are needed.

Although the SRP doss not explicitly discuss sging
serwgemant or LR, the recuirmsents should support LR
it adequete records are mintained throughout the
tife of the plent.

The plant steff are expected to know how the EDG
cperates and performs; furthermore, they are
enpected to know how the EDG interacts within
(other) plant safety-related systems. Documentation
of training snd demonstrations of treined staff
could enhance sging menagemant and LR spptications.

RG 1.9 references 10 CFR 50, Appendix A, Criterions
17 and 18, ard Appendix 8, Criterion X1,

Safety guide reference 10 CFR 50, Appendix 8, QA

criterion for KPPs.

Refers to ANSI MA5.2.6-73.

See "Recommended Practice for Aging Mitigation and
Improved Programe tor Mucleer Service Diesel
Gensrators,® NUREG-CR-S057/PM.-6309.

= Emergency Diesel Generators
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SURVE JLLANCE (contd)

BEG. INSTRUMENT
T .

ASKE Code
Section 151
Section XI

&Sls
GsI 8-56

Gst1-9

-
¢
-

3.2

Ef

AGING FEATURES

EDGs by definition are
Class 1, 2, and

vessels or piping, etc.

Program to {mprove the
relisbility of EDG;
goal of 95X success
establ ished.

Continued reliability
and opergbility of
Trancamerics DeLaval,
Inc., EDGs.

Provides criteria for
selection, quatification,
and training of personnel
for stationsry nuclear
power plants.

Provides recommendations
and requiremsnts for
adainistrative controls,
inctuding written proce-
dures, and QA program to
help sssure that activ-
ities of NPPs are carried
out without risk to the
health and safety of the
public.

Provides design and
operational criteria for
periodic testing of
safety systems.

Provides minisum require-
sents for inspection and
testing of Class IE
possr, instrumsntation,
and control equipment
during construction
phase.

LIFE EXTENSION
FEATURES

Provides record or
training of staff.

Administrative in-
place controls
will probably be
requited for LR.
The sssociated GA
documentation will
be useful for LR,

Acceptance testing

of components for
IR.

fiscords of con-
struction may be
applicable to LR,

CURRENT 1ML JATIVES

Diesel relisbility
program with MMARC,

Trancamerica
Oelaval, Inc.,
Owners Group,

AGING NEEDS

Reliability of E06 as &
function of sge; what
are effects of sge,
affects of testing over
time?

Effects of stress,
fatigua, testing on 101
EDG relfability - do TOI
EDG show aging effects
faster than other
mdels?

LLFE EXTENRION NEEDS
-}

COENTS
O 9

Etfects of reliability
decressa on Licensing.

Can plants with 101 EDG
continue to operate; how
to verify operability of
101 E0G after thirty
years of service?

The ASME codes as required in 10 CFR 50.55a mendets
181. These requirements rarely irvolve EDG unless o
spucific pact (s designed and sarufactursd in
accordancs with the Code.

See aleo Regulatory Guide 1.108; MMEG/CR-0660,

Issue involves potentisl mein crankshaft failures.
Ses also SECY-B3-84, IEN-83-38, and MUREG-1216 and
other models?

Among the activities covered under this standard are
design chenges, fabricating, cleaning, decon,
inspecting, testing, maintaining, and repairing.

This standerd doas not address msintenance.

Provides & criteria for correct installation which
could effect aging aspects of the equipment after
start-up and operation. Class IE s equipment thet
is essential to smergency shutdown, contairment
fsolation, RCC, and CHA.

=+ Emmrgency Dissel Generators
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SURVEILLANCE (contd)

REG. INSTRUNENT
— w3

IEEE (contd)
ne

AGING FEATURES

Provides starcard for
periodic testing of EDG
including availability
tests, systes operational
tests, and independence
verification tests.

Provides criteria for
replacement parts, both
construction and opere
ation. Requires inspec-
tion and test of parts
prior to release for
service.

LIFE EXTENSION
FEATURES

Records of past
performance.

Acceptance testing
and records that
may be sppticsble
to LR, e.g., fail-
ure review for
wear, fatigue,
originsl defects,
and insulation
breakdowns

CURRENT INITIATIVES AGING NEEDS LIFE EXTENSION NEEDS CoMENTS
—COU $ coLwm 7 CoLiem 8 _coLuee 9
Stardard witl be Less stressful sterting

ispacted by RG 1.9.  procedures and tests.
1EEE plans to delete
this standard.

Less stressful starting
procedures and test,

Stardiard determines setection of required perts for
Class 1€ equipment, e.9., identification snd feflure
revisi. However, required design changes are outside
the scope of this standard.

== Emergency Oiesel Generators
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